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PREFACE 


In  the  first  Section  of  this  volume  the  chemistry  of  the  dicyclic 
terpenes  and  their  derivatives  are  surveyed.  Few,  if  any,  natural 
products  have  formed  the  subject  of  such  intensive  study  as  the 
pinenes  and  camphor.  It  is  obviously  impossible  within  the 
limits  of  a  monograph  to  refer  to  every  memoir,  but  it  is  hoped 
that  no  investigations  of  importance  have  been  omitted.  It  has 
been  considered  desirable  to  include  a  brief  account  of  Robinson's 
interpretation  of  the  mechanism  of  the  Wagner  rearrangement, 
since  this  explains  in  a  simple  and  satisfactory  manner  many  of 
the  most  puzzling  problems  in  the  chemistry  of  camphor. 

Owing  to  their  close  relationship  to  many  substances  of  out- 
standing biochemical  interest,  special  importance  attaches  to  the 
sesquiterpenes,  which  are  discussed  in  Section  n.  Within  the  last 
decade,  thanks  to  the  brilliant  investigations  of  Ruzicka  and  his 
collaborators,  their  chemistry  has  been  gradually  elucidated,  but 
much  remains  to  be  accomplished.  No  attempt  has  been  made 
to  refer  to  all  the  sesquiterpenes,  which  have  been  described  in 
the  literature,  and  only  those  which  appear  to  be  definitely 
homogeneous  have  been  discussed. 

The  writer  is  indebted  to  Professor  R.  Robinson,  F.R.S.  for 
revising  the  text  dealing  with  the  Wagner  rearrangement,  and  his 
especial  thanks  are  due  to  Professor  C.  S.  Gibson,  O.B.E.,  F.R.S. 
and  Dr  R.  S.  Cahn,  who  have  once  again  undertaken  the  labour 
of  reading  the  proofs. 

J.  L.  S. 


Bangor 
March  1932 
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PART  I 


THE  DICYCLIC  TERPENES  AND 
THEIR  DERIVATIVES 

INTRODUCTION 

The  dicyclic  terpenes,  containing  ten  carbon  atoms,  are  deriva- 
tives of  the  saturated  hydrocarbons:  thujane  (I),  carane  (II), 
pinane  (III),  camphane  (IV),  ^ocamphane  (V),  fenchane  (VI) 
and  isobornylane  (VII). 
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The  determination  of  the  constitution  of  the  terpenes  derived 
from  thujane  and  carane  has  afforded  comparatively  little 
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difficulty,  since  they  show  little  tendency  to  react  abnormally. 
The  dicyclic  ring  structures  can  in  each  case  undergo  fission  in 
two  directions ;  thus  thujane  can  give  rise  to  derivatives  of  either 
#>-menthane  (VIII)  or  ^othujane  (IX),  and  carane  to  those  of 
p-men thane  (VIII)  and  m-menthane  (IX).  As  will  be  seen, 
fission  in  both  directions  does  actually  occur. 
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a-Pinene  (XI)  and  /?-pinene  (XII)  may  be  regarded  as  the 
parent  hydrocarbons  of  all  the  terpenes,  since  they  can  pass  by 
ring  fission  into  dipentene  (XIII)  and  other  monocyclic  terpenes, 
and  by  molecular  rearrangement  into  borneol  (XIV)  and  other 
substances  containing  the  camphane  nucleus.  Since  borneol 
yields  camphene  (XV)  on  dehydration,  the  very  close  relation- 
ship of  the  dicyclic  structures  represented  by  (III),  (IV)  and  (V) 
is  obvious. 

This  tendency  for  molecular  rearrangements  to  occur,involving 
a  complete  change  in  ring  structure,  has  added  greatly  to  the 
difficulties  encountered  in  the  study  of  the  chemistry  of  these 
substances.  The  mechanism  involved  in  these  changes,  for  which 
Robinson  has  recently  provided  a  theoretical  explanation,  is 
discussed  later. 
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Difficulties  of  the  same  kind  have  been  met  with  in  the 
chemistry  of  the  derivatives  of  fenchane  and  ^sobornylane,  both 
of  these  dicyclic  rings  showing  a  marked  tendency  to  undergo 
the  Wagner  rearrangement. 
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One  dicyclic  hydrocarbon,  santene  (XVI),  containing  nine 
carbon  atoms,  has  been  found  in  nature  and  its  occurrence  has 
been  used*  as  an  argument,  in  the  writer's  opinion  erroneously, 
against  the  isoprene  theory  of  the  structure  of  the  terpenes.  It 
would  appear  to  be  improbable  that  santene  is  a  primary  plant 
product,  and  it  seems  not  unlikely  that  it  is  formed  from  santenol 
(or  the  related  ketone,  santenone)  (XVII)  by  a  Wagner  re- 
arrangement. The  alcohol  itself  can  result  from  the  decarboxy- 
lation and  hydration  of  teresantalic  acid  (XVIII).  These  changes 

*  Mitter,  J.  Indian  Chem.  Soc.  1930,  7,  39.  Mitter's  statement,  that  sylvestrene 
is  a  natural  product,  is  unsupported  by  any  fresh  experimental  evidence,  and  his 
final  argument,  that  santonin  is  not  an  isoprene  derivative,  has  been  shown  to  be 
incorrect  by  the  synthetical  investigations  of  Clemo,  Haworth  and  Walton  (J.C.S. 
1929,  p.  23G8). 
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have  been  realised  experimentally,  and  it  is  not  without  signi- 
ficance that  teresantalic  acid,  santenol  and  santene  all  occur  in 
East  Indian  sandalwood  oil. 
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CHAPTER  I 
THUJANE  AND  ITS  DERIVATIVES 

A.  HYDROCARBONS 
THUJANE 


CH3 

CH 

/\ 
HC  CH2 

\\  \ 
H2C  \  CH2 


H3C  CH3 

The  dicyclic  hydrocarbon,  cZ-thujane*  (tanacetane  or  dihydro- 
sabinene),  C10H18  (IV),  was  first  described  by  Tschugaev  and 
Fominf,  who  prepared  it  by  the  catalytic  hydrogenation  of 
d-a-thujene  (I),  d-fi-thujene  (II)  and  d-sabinene  (III)  in  the 
presence  of  platinum  black,  using  a  pressure  of  25  atmospheres. 
At  the  same  time  Kishner  }  obtained  d-thujane  by  the  distillation 
of  d-thujonehydrazone  (V)  with  potassium  hydroxide,  whilst  some 
years  later  Semmler  and  Feldstein§  prepared  it  from  this 
derivative  by  the  action  of  sodium  ethylate  at  145°.  Thujane  is 
also  formed  when  thujonehydrazine  (VI),  which  can  be  obtained 
by  the  reduction  of  the  hydrazone  with  sodium  and  alcohol, 
is  oxidised  with  potassium  ferricyanide  (Kishner ).||  According 
to  Henderson  and  Robertson  H,  it  is  also  formed  in  small  amount 
when  sabinol  is  hydrogenated  in  the  presence  of  platinum 
black. 

*  Seyler  (Ber.  1902,  35,  350)  separated  from  oil  of  sage  a  hydrocarbon,  salvene, 
b.p.  142-145°,  which  he  considered  to  have  the  formula  now  known  to  be  that  of 
thujane.  The  actual  constitution  of  this  hydrocarbon  is  not  known. 

f  Compt.  rend.  1910,  151,  1058.  Compare  Richter,  Wolff  and  Presting,  Ber.  1931, 
64,  876. 

%  J.  Russ.  Phys.  Chem.  Soc.  1910,  42,  1198.  §  Ber.  1914,  47,  387. 

||  It  is  probable  that  the  hydrocarbon  obtained  in  this  reaction  is  1  :  2-dimethyl- 
3-isopropylc?/dopentane  (see  p.  11). 
If  J.C.8.  1923, 123,  1713. 
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CH3  CH3  CH2 
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d-Thujane,  the  only  isomeride  which  has  been  described,  is  a 
colourless  mobile  oil  with  a  faint  odour.  For  the  hydrocarbon 
prepared  from  <i-«-thujene  Tschugaev  and  Fomin  quote  the  con- 
stants, b. p.  157°/758  mm.,  0-8139,  1-43759,  [a]D+  62-03°. 
The  hydrocarbon  prepared  by  the  other  methods  referred  to 
above  had,  apart  from  the  rotatory  power,  very  similar  constants. 
The  calorific  value,  determined  by  Roth  and  Ostling,*  is 
1508-6  Kg.  cals. 

Thujane  gives  no  characteristic  crystalline  derivatives  suitable 
for  its  identification.  According  to  Zelinski  and  Kasansky  its 
solution  in  acetic  anhydride  gives  a  bright  red  colour  with  con- 
centrated sulphuric  acid,  a  reaction  also  shown  by  a-thujene. 

When  distilled  over  palladinised  charcoal  at  160-162°  in  a 
current  of  hydrogen,  d-thujane  gives  1  :  2-dimethyl-S-isopropyl- 


*  Ber.  1913,  46,  323. 
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cyclopentane  (VII),*  b.p.  159-5-160-5°/771  mm.,  ^1°  0-7910, 
nl£  1-4344,  a  hydrocarbon,  which  had  been  prepared  previously 
by  Kishner  (see  below).  Zelinski  and  Lewinaf  have  shown  that 
thujane  is  isomerised  when  distilled  in  a  current  of  carbon 
dioxide  over  platinised  charcoal  at  300°.  The  hydrocarbon, 
C10H18,  b.p.  163-5-164-5°,  nD  1-4452,  is  considered  to  have  one 
of  the  formulae  (VIII),  (IX)  or  (X),  but  no  direct  proof  of  its 
constitution  has  been  obtained. 
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Thujane  reacts  very  slowly  with  potassium  permanganate  in 
the  cold  but,  on  warming,  oxidation  occurs,  the  nature  of  the 
products  formed  not  having  been  investigated. 

The  tendency  for  thujane  to  yield  cyclopentane  derivatives 
exemplified  above  is  also  shown  in  its  reaction  with  bromine  and 
hydrogen  bromide.  According  to  Kishner  J  it  reacts  readily  with 
bromine  to  give  an  unstable  dibromide,  C10H18Br2,  the  addition 


*  Zelinski  and  Kasansky,  Ber.  1927,  60,  1098.  f  Annalen,  1929,  476,  65. 

%  J.  Russ.  Phys.  Chem.  Soc.  1910,  42,  1198;  1911,  43,  1157. 
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of  bromine  being  evidently  accompanied  by  ring  fission.  The 
constitution  of  this  substance,  together  with  that  of  the  hydro- 
carbon, C10H18 ,  obtained  from  it  by  the  action  of  alkali,  has  not 
been  determined. 

With  hydrogen  bromide  in  acetic  acid  solution  the  nature  of 
the  product  depends  upon  the  time  allowed  for  the  reaction  to 
proceed.  After  two  days  an  unstable  hydrobromide,  C10H19Br,  is 
obtained,  whilst  after  two  months  a  stable  hydrobromide  of  the 
same  composition  can  be  separated.  Kishner  considers  that 
these  two  bromides  are  probably  cis-trans-isomerides,  having  the 
structure  represented  by  (XII).  The  stable  bromide  does  not 
react  with  alkali,  but  when  digested  with  quinoline  it  gives 
an  unsaturated  hydrocarbon,  C10H18,  b.p.  162-164°/755  mm. 
A  hydrocarbon  having  very  similar  constants,  b.p.  163-164°, 
djf  0-8131,  nD  1-4540,  [a]D  +  2-88°,  can  be  prepared  by  the 
action  of  alkali  on  the  unstable  bromide,  whilst  by  the  inter- 
action of  thujane  with  hydrogen  iodide  followed  by  treatment 
of  the  hydriodide  with  alkali,  a  third  hydrocarbon,  b.p.  162- 
163°/742  mm.,  d20T  0-8105,  nD  1-4527,  [a]D  +  0-22°,  is  obtained. 
There  can  be  little  doubt  that  these  three  hydrocarbons  are 
identical  and,  assuming  them  to  be  homogeneous,  they  must  be 
represented  by  one  of  the  formulae  (VIII),  (IX)  or  (XI).  On 
hydration  by  the  Sabatier-Senderens  process*  they  yield  1:2- 
dimethyl-3-isopropyleyclopentane  (VII),  the  constitution  of  which 
has  been  established  by  Kasansky.f 

Thujane  may  be  heated  with  sulphuric  acid  (1:6)  at  140° 
without  undergoing  any  change  (Kishner),  but  it  is  resinified  by 
the  concentrated  acid  and  reacts  with  violence  with  nitric- 
sulphuric  acid  mixture  (Zelinski  and  Kasansky). 

*  Kishner,  J.  Buss.  Phys.  Chem.  Soc.  1912,  44,  1759. 
t  Ber.  1929,  62,  2205. 
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Although  Z-a-thujene  was  prepared  by  Tschugaev*  in  1900  by 
methods  to  be  described,  the  occurrence  of  <i-a-thujene  in  nature 
was  first  observed  in  1923,  when  Simonsenf  showed  it  to  be  the 
chief  constituent  present  in  the  terpene  fraction  of  the  oil 
derived  from  the  gum-oleo-resin  of  Boswellia  serrata  Roxb. 

It  was  found  by  Tschugaev  that  when  the  methyl  xanihate  of 
thujyl  alcohol  (I)  or  trimethyl  thujyl  ammonium  hydroxide  (II) 
were  distilled,  a  mixture  of  hydrocarbons  was  obtained  which 
could  be  separated  into  two  main  fractions,  (i)  b.p.  147-5-149-50 
and  (ii)  b.p.  152-152-5°.  The  latter,  which  was  formed  in  larger 
quantity,  was  designated  a-thujene  and  the  former  fi-thujene. 
Contemporaneously  Kondakov  and  Skworzov}  prepared  a- 
thujene  by  the  removal  of  hydrogen  chloride  from  thujyl  chloride 
(III)  and  also  by  Tschugaev's  xanthate  method. 

The  subsequent  investigations  of  Kondakov  and  Skworzov§ 
and  of  Tschugaev  and  Fomin||  showed  the  hydrocarbons  so  ob- 
tained to  be  a  mixture  of  both  structural  and  stereo-isomerides. 
By  the  decomposition  of  the  liquid  methyl  xanthate  of  ^-thujyl 
alcohol  (see  p.  24)  at  138°,  Tschugaev  and  Fomin  prepared  what 
they  considered  to  be  pure  ?-a-thujene. 

An  inspection  of  the  formula  of  either  thujyl  alcohol  or  of  the 
trimethylammonium  hydroxide,  the  constitutions  of  which  have 
been  rigidly  established,  shows  that,  by  their  decomposition,  the 
formation  of  two  structurally  isomeric  hydrocarbons  (IV)  and 

*  Ber.  1900,  33,  3120;  1901,  34,  2274.  f  Ind-  For-  Rec-  1923>  9>  289- 

$  Chem.  Z.  1902,  26,  720;  J.  pr.  Chem.  1903  [ii],  67,  574;  1904  [ii],  69,  176. 
§  J.  Buss.  Phys.  Chem.  Soc.  1910,  42,  497. 

||  Ber.  1912,  45, 1293;  compare  Henderson  and  Robertson,  J.C.S.  1923, 123,  1715. 
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(V)  is  theoretically  possible.  There  is  no  doubt  however  that  the 
higher  boiling  hydrocarbon,  a-thujene,  must  be  represented  by 
formula  (IV),  since,  on  oxidation  with  potassium  permanganate, 
it  yields,  depending  upon  the  conditions  used,  either  a-thuja- 
ketonic  acid  (VI)  or  a-thujadicarboxylic  acid  (VII).*  The  evidence 
for  the  constitution  of  these  two  acids  is  given  on  p.  33,  and  it  is 
obvious  that  the  formation  of  the  ketonic  acid  (VI)  definitely 
establishes  the  constitution  of  the  hydrocarbon. 
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a-Thujene  is  a  colourless  mobile  oil  with  a  somewhat  pene- 
trating odour  quite  different  from  that  of  a-pinene.  For  the 
natural  hydrocarbon  Simonsen  observed  the  following  constants : 
b.p.  152-152-5°/699  mm.,  d^l  0-8314,  n™°  1-4502,  [a]™°  +  37-69°, 
whilst  for  the  synthetic  terpene  Tschugaev  and  Fomin  quote  the 
values :  b.p.  151°/759  mm.,  d2T  0-8301,  n™°  1-45155,  [a]D  -  37-20°. 


*  Wallach,  Annalen,  1906,  350,  166;  Simonsen,  loc.  cit.;  compare  Kondakov  and 
Skworzov,  J.  pr.  Chem.  1904  [ii],  69,  181;  J.  Buss.  Phys.  Chem.  Soc.  1910,  42,  299; 
Tschugaev,  Ber.  1904,  37,  1484. 
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It  will  be  observed  that  the  constants  for  the  natural  and  syn- 
thetic hydrocarbons  are  in  good  agreement  except  that  the 
boiling-point  of  the  natural  hydrocarbon  is  about  2°  higher.* 
According  to  Simonsen  d-a-thujene  slowly  racemises  on  keeping. 

a-Thujene  can  be  identified  by  its  low  density,  by  oxidation  to 
a-thujaketonic  acid  and  by  its  conversion  into  terpinene  dihydro- 
chloride  by  the  action  of  hydrogen  chloride. 

On  reduction  with  hydrogen  in  the  presence  of  platinum  black 
Z-a-thujene  is  converted  smoothly  into  the  saturated  hydro- 
carbon, d-thujane  (VIII)  (see  p.  5).f  If,  however,  the  reduction 
is  carried  out  by  the  Sabatier-Senderens  method  with  a  nickel 
catalyst,^  a  hydrocarbon,  C10H20,  b.p.  160-161°/740  mm., 
d24f°  0-7891,  n2}0  1-4313,  is  obtained.  It  is  evident  that  under 
these  conditions  fission  of  the  cyclopropane  ring  occurs,  since 
Zelinski  and  Kasansky§  have  shown  that  the  same  hydrocar- 
bon results  when  a-thujene  is  distilled  over  nickel  in  a  current  of 
hydrogen,  or  passed  over  palladinised  asbestos  in  a  current  of 
carbon  dioxide,  some  p-cymene  being  also  formed.  Kasansky|| 
has  more  recently  shown  this  hydrocarbon  to  be  1  :  2-dimethyl- 
3-isopropylcyclopentane  (IX). 

CH3  CH3 

CH  CH 

HC     CH2  H3C .  CH  CH2 

l\     I  H3CX         I  I 

H2C  \    CH2  >HC— CH  CH2 

\\/  H3C/ 
C 
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CH 


H3C  CH3 

(VIII)  (IX) 

Apart  from  potassium  permanganate,  to  which  reference  has 
already  been  made,  the  action  of  oxidising  agents  on  a-thujene 
has  not  been  investigated.  Raull  has  shown  that  the  terpene  is 
only  very  slowly  attacked  by  oxygen  and  in  the  presence  of  a 

*  The  natural  hydrocarbon  contains  a  small  percentage  of  c£-a-pinene. 

f  Tschugaev  and  Fomin,  Compt.  rend.  1910,  151,  1059. 

j  Zelinski,  J.  Russ.  Phys.  Chem.  Soc.  1902,  36,  768. 

§  Ber.  1927,  60,  1096.  ||  Ibid.  1929,  62,  2206. 

If  Ind.  For.  Eec.  1924,  11,  206. 
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trace  of  pyrogallol  there  is  no  oxidation  in  five  months.  According 
to  Tschugaev*  it  yields  with  mercuric  acetate  in  acetic  acid 
solution  a  crystalline  derivative. 

The  cyclopropane  ring  in  a-thujene  is  unstable  and  readily 
undergoes  fission.  By  the  action  of  hydrogen  chloride  or  hydro- 
gen bromide  in  acetic  acid  solution  the  corresponding  terpinene 
dihalogenides  (X)  are  formed,  whilst  when  shaken  for  some  days 
with  dilute  sulphuric  acid  a  mixture  of  1  :  4:-terpin  and  terpinen- 
4t-ol  (XII)  f  is  produced. 
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*  Ber.  1900,  33,  3121. 

f  Wallach,  Annalen,  1906,  350,  167;  Simonsen,  loo.  ciL  298. 
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The  hydrocarbon,  C10H16,  to  which  the  name  /3-thujene  has 
been  given,  was  described  simultaneously  by  Tschugaev*  and 
Kondakov  and  Skworzov,j"  who  prepared  it  by  the  distillation 
of  ihujylmethyl  xanthate  (I).  As  mentioned  on  p.  9,  Z-a-thujene 
(III)  is  the  main  product  of  the  reaction,  but,  as  Tschugaev 
and  FominJ  found  later,  d-/3-thujene  (II)  is  best  prepared  by 
the  decomposition  of  the  methyl  xanthate  of  Z-thujyl  alcohol 
(see  p.  25)  at  183°. 

CH3  CH3  CH3  CH3 

C  CH  CH  CH 

HC^CH  HC^CHOCSaCH,  HC^^H  HC^COJI 

*   1     -         L  -    1    Ik  ui 


H2C\^H2  H2C\^CH2  H2C^^CH 


C  C  C  C 

ill  (^H  CH  <!)H 


HgC^CHa  HgC^ ^H3  H3< 

(HI)  (I)  (II)  (IV) 

According  to  these  authors  the  hydrocarbon  has  the  following 
constants,  although  they  do  not  regard  it  as  absolutely  pure  and 
free  from  a-thujene:  b.p.  147°/739  mm.,  dfj  0-8208,  n™°  1-44708, 
[a]D  +  110-78°,  values  in  close  accord  with  those  found  by  Kon- 
dakov and  Skworzov  §  for  a  specimen  purified  by  treatment  with 
potassium  permanganate. 

*  Ber.  1904,  37,  1483. 

f  J.  pr.  Chem.  1903  [ii],  67,  574;  1904  [ii],  69,  176. 

}  Ber.  1912,  45,  1293. 

§  J.  Buss.  Phys.  Chem.  Soc.  1910,  42,  497. 
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Although  at  one  time  /3-thujene  was  considered  to  be  a 
stereoisomeride  of  a-thujene,  this  would  appear  to  be  unlikely, 
in  view  of  the  marked  difference  in  their  physical  properties. 
The  problem  of  the  constitution  has  been  mainly  investigated 
by  Kondakov  and  Skworzov.  These  authors  consider  the  hydro- 
carbon to  be  most  probably  represented  by  (II),  since  on  oxida- 
tion it  yields  an  optically  inactive  acid,  C10H16O4,  m.p.  146°, 
dl-liomoihujadicarboxylic  acid  (IV).  An  optically  inactive  form 
of  this  acid  was  described  by  Wallach,*  who  prepared  it  by  the 
action  of  sodium  hypobromite  on  thujone  (p.  31).  Wallach's 
acid  melted  at  179°  but,  since  homothujadicarboxylic  acid  con- 
tains three  asymmetric  carbon  atoms  and  can  exist  in  cis-trans- 
modifications,  the  two  acids  are  very  probably  structurally 
identical.  The  constitution  of  /3-thujene  cannot,  however,  be 
regarded  as  rigidly  established. 

The  properties  of  /3-thujene  have  been  little  studied.  On 
catalytic  hydrogenation  Tschugaev  and  Fominf  showed  that 
thujane  was  formed  identical  in  all  respects  with  the  hydrocarbon 
prepared  from  a-thujene.  It  has  been  found  by  Kondakov  and 
Skworzov  to  be  remarkably  resistant  to  oxidation  by  potassium 
permanganate,  which  provides  a  convenient  method  for  its 
purification,  and  they  have  suggested  the  possibility  that  it  is 
tricyclic,  but  this  would  appear  to  be  unlikely. 


H3C  CH3 

Although  Dumas,  J  Levy  §  and  Fromm  ||  had  observed  that  oil  of 
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*  Annalen,  1893,  275,  180;  1902,  323,  373;  compare  Semmler,  Ber.  1903,  36,  4367. 
t  Compt.  rend.  1910,  151,  1059.  J  Annalen,  1835,  15,  159. 

§  Ber.  1885,  18,  3206.  II  Ibid.  1900,  33,  1192. 
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savin  (from  Juniper  is  Sabina  L.)  appeared  to  contain  a  hydro- 
carbon differing  in  its  properties  from  pinene,  it  remained  for 
Semmler*  to  separate  the  hydrocarbon,  to  which  he  gave  the 
name  sabinene,  in  a  pure  state  and  to  determine  its  constitution. 

The  hydrocarbon  present  in  oil  of  savin  is  dextrorotatory  and 
this  has  subsequently  been  found  to  be  the  case  with  the 
majority  of  other  oils  in  which  its  presence  has  been  established. 
The  laevorotatory  form  was,  however,  shown  by  Simonsen  and 
Rau  f  to  occur  in  the  oil  from  the  seeds  of  Zanthoxylum  Budrunga 
Wall.,  whilst  Penfold  and  Simonsen  J  have  isolated  c^-sabinene 
from  the  oil  of  the  leaves  of  Murray  a  Koenigii  Spreng. 

The  constitution  of  d-sabinene  (I)  was  determined  by  Semmler  § 
in  an  investigation  of  the  products  formed  on  oxidation  with 
potassium  permanganate.  When  acted  upon  by  this  reagent 
under  carefully  controlled  conditions,  the  two  main  products 
formed  are  (i)  a  glycol,  C10H18O2  (II),  and  (ii)  a  hydroxy  acid, 
C10H16O3  (VI),  whilst  an  isomeric  acid  was  also  separated,  to 
which  Semmler  ascribed  formula  (X) ;  this  cannot,  however,  be 
considered  as  fully  established. 

The  glycol,  d-sabinene  glycol,  m.p.  54°,  b.p.  148-150°/15  mm., 
d20°  1-021,  nD  1-402,  was  dextrorotatory  and  when  warmed  with 
dilute  sulphuric  acid  gave  by  fission  of  the  ci/cfopropane  ring  a 
dihydrocuminalcohol,  which  is  probably  represented  by  (III), 
although  no  direct  evidence  of  the  position  of  the  ethylenic 
linkages  is  available. ||  The  relative  positions  of  the  ^opropyl 
and  primary  alcohol  groups  are,  however,  established  by  its  con- 
version on  controlled  oxidation  with  chromic  acid  to  cumin- 
alcohol  (IV).  The  instability  of  the  q/cfopropane  ring  in  the  glycol 
is  further  exemplified  by  its  conversion,  on  treatment  with  cold 
dilute  sulphuric  acid,  into  the  isomeric  unsaturated  glycol,  which 
probably  has  formula  (V).  The  oxidation  of  sabinene  to  a  glycol 
containing  a  primary  alcohol  group  indicated  the  presence  in  the 
hydrocarbon  of  an  exocyclic  ethylenic  linkage,  a  conclusion  fully 
substantiated  by  the  study  of  the  properties  of  the  hydroxy-acid, 

*  Ber.  1900,  33,  1463. 

f  Ind.  For.  Rec.  1922,  9,  141;  compare  Semmler  and  Schossberger,  Ber.  1911,  44, 
2889. 

X  J.  Proc.  Roy.  Soc.  New  South  Wales,  1925,  48,  167. 
§  Ber.  1900,  33,  1463;  1902,  35,  2047. 

||  Compare  Wallach,  Annalen,  1906,  345,  151;  1908,  360,  95. 
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d-sabinenic  acid  (VI).  This  acid,  like  the  isomeric  acid,  nopinic 
acid,  derived  from  /?-pinene  (see  p.  163),  can  be  separated  readily 
by  taking  advantage  of  the  sparing  solubility  of  its  sodium  salt. 
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Sabinenic  acid,  d-  and  Z-forms,  m.p.  57°,  dl-,  m.p.  84-85°,  was, 
as  mentioned  above,  first  prepared  by  Semmler,  a  more  con- 
venient process  for  its  isolation  being  described  by  Wallach.* 

*  Annalen,  1908,  359,  266. 


ch.i  THUJANE  AND  ITS  DERIVATIVES  17 

On  further  oxidation  with  an  acid  solution  of  potassium  per- 
manganate or  with  lead  peroxide  it  gives  a  ketone,  sabina  ketone 
(VII),  b.p.  218-219°,  d™°  0-9555,  nD  1-470,  [a]D  -  24-41°  (semi- 
carbazone,  m.p.  141°),  which  is  also  formed  by  the  direct  oxida- 
tion of  sabinene.  Although  the  ketone  is  stable  to  potassium 
permanganate,  it  is  readily  isomerised  by  hot  dilute  sulphuric 
acid  to  ^isopropyl-A^^-cyclohexenone  (IX),  the  same  ketone  being 
formed  when  the  semicarbazone  is  hydrolysed  with  dilute  sul- 
phuric acid.*  On  oxidation  with  sodium  hypobromite  it  yields 
a  dibasic  acid,  a-thujadicarboxylic  acid  (VIII),  identical  with  the 
acid  obtained  by  the  degradation  of  a-thujene  and  thujone  (see 
pp.  10,  33).  The  formation  of  this  acid  establishes  beyond  ques- 
tion the  structure  of  the  cyclopropane  ring  present  in  sabinene 
and  shows  the  suggestion  of  Kondakov  and  Skworzov,f  that  it 
is  a  carane  derivative,  to  be  incorrect.  The  subsequent  study  of 
the  properties  of  sabinene  have  fully  confirmed  the  structure 
assigned  to  it  by  Semmler. 

Sabinene  has  not  been  prepared  synthetically,  the  method 
successfully  employed  in  the  case  of  jS-pinene  (see  p.  168)  failing 
owing  to  the  ready  fission  of  the  cyclopropane  ring  (see  below). 

Since  sabinene  cannot  be  purified  through  any  crystalline 
derivative,  some  variation  occurs  in  the  physical  constants 
given  in  the  literature,  but  the  following  may  be  regarded  as 
average  values:  ^-sabinene,  b.p.  163-165°,  d20°  0-842,  n?£°  1-465, 
[a]D  +  80-17°;  Z-sabinene,  b.p.  161-5-163°/705  mm.,  df°Q  0-8407, 
^30°  i.465?  [a]D  _  46-19°.  As  has  been  remarked  by  Auwers, 
Roth  and  EisenlohrJ,  the  exaltation  of  the  molecular  refraction 
(+  1*34)  is  one  of  the  highest  which  has  been  observed  in  the 
terpene  group,  and  it  must  be  ascribed  to  the  conjugation  of  the 
exocyclic  bond  with  the  cyclopropane  ring.  The  calorific  value  is 
6179  Kg.  cals. 

Sabinene  can  be  readily  identified  by  oxidation  of  the  appro- 
priate fraction  with  potassium  permanganate  to  sabinenic  acid. 

The  catalytic  hydrogenation  of  the  hydrocarbon  in  the  presence 
of  platinum  and  palladium  was  investigated  simultaneously  by 
Tschugaev  and  Fomin§  and  by  Wallach,||  who  regarded  the 

*  Wallach,  Annalen,  1908,  359,  270;  1913,  397,  208. 

f  J.  pr.  Chem.  1904  [ii],  69,  176.  J  Annalen,  1910,  373,  275. 

§  Compt.  rend.  1910,  151,  1061.  ||  Nach.  K.  Ges.  Oottingen,  1910,  p.  544. 
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hydrocarbon  obtained  as  d-thujane.  A  reinvestigation  of  this 
reduction  by  Richter,  Wolff  and  Presting  *  has  shown,  however, 
that  whilst  in  the  presence  of  platinum  black  d-thujane,  b.p. 
50-4-50-7°/18  mm.,  (^f  0-815,  1-409,  aD  +  12-4°,  is  obtained, 
when  colloidal  palladium  is  the  catalyst  a  more  deep  seated 
change  occurs  and  1 : 2-dimethyl-3-isopropylcyc\opentene  is 
formed.  The  position  of  the  ethylenic  linkage  has  not  been 
determined,  but  the  hydrocarbon  is  probably  represented  by 
(Xa)  (p.  16).  On  further  reduction  it  is  converted  into  1 :2-di- 
methyl-3-^opropylci/cZopentane.  The  reaction  is  analogous 
therefore  to  that  which  occurs  when  d-thujane  is  distilled  over 
palladinised  charcoal  (see  p.  6). 

On  ozonolysis,  as  was  to  be  anticipated,  sabinene  behaves 
normally  and  yields  sabina  ketone  (Vll).f  The  action  of  hydrogen 
peroxide  in  acetic  acid  solution  on  the  hydrocarbon  has  been 
investigated  by  Henderson  and  Robertson,  J  who  have  found 
that  two  isomeric  glycol  anhydrides,  (A)  m.p.  174°,  [a]D  +  34-3° 
(in  alcohol)  and  (B)  m.p.  172°,  [a]D  ±  0°,  were  formed.  To  these 
glycols  Henderson  and  Robertson  ascribe  formula  (XI),  the  oxi- 
dation being  accompanied  by  fission  of  the  cyclopropane  ring. 
The  glycol  anhydride  (B)  gives  with  hydrogen  bromide  a  tetra- 
bromide,  m.p.  159-160°,  which  is  probably  1:2:3:  k-tetrabromo- 
^-menthane.%  In  order  to  determine  their  constitution  the  two 
anhydrides  were  oxidised  with  potassium  permanganate,  when 
the  optically  active  and  inactive  forms  of  aS-dihydroxy-a-methyl- 
S-isopropyladipic  acid  (XII)  were  obtained,  which  would  appear 
to  substantiate  the  formula  assigned  to  the  glycol  anhydrides. 
Attention  must,  however,  be  directed  to  the  fact  that  these  two 
substances  are  isomeric  with  the  substance,  m.p.  62-64°,  pre- 
pared by  Nelson  from  ascaridole  which,  on  oxidation  with 
potassium  permanganate,  gives  1  :  4-cineolic  acid  (see  Vol.  i, 
p.  399).  The  difference  in  the  properties  of  these  isomerides,  pre- 
sumably stereoisomerides,  is  remarkable  and,  although  this  may 
be  due  to  a  slight  variation  in  the  experimental  conditions  em- 
ployed, a  further  study  of  their  properties  would  be  of  interest. 

*  Ber.  1931,  64,  871. 

f  Schmidt,  Z.  ang.  Chem.  1929,  42,  126. 

J  J.C.S.  1923, 123,  1849. 

§  Henderson  and  Robertson,  J.C.S.  1926,  p.  2762. 
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By  oxidation  of  sabinene  with  chromic  acid,  Treibs  and 
Schmidt*  obtained  a  mixture  of  ip-cymene,  cuminaldehyde  and 
4:-isopropyl-/±}-cyclohexenone  (IX).  With  chromyl  chloride, 
Henderson,  Robertson  and  Brownj  found  the  oxidation  to  pro- 
ceed in  a  more  complicated  manner,  a  dicyclic  aldehyde, 
sabinenilanaldehyde%  (XIII),  b.p.  215-217°  (semicarbazone,  m.p. 
145-149°),  which  can  be  oxidised  very  readily  to  the  corre- 
sponding acid,  sabinenilanic  acid%  (XIV),  m.p.  175-176°,  to- 
gether with  small  quantities  of  the  unsaturated  ketones  (XV) 
and  (XVI),  being  formed. 
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With  bromine,  sabinene  yields  a  liquid  dibromide.%  By  the 
action  of  the  halogen  acids  on  d-sabinene  in  acetic  acid  solution, 
Kondakov  and  Skworzov||  stated  that  dipentene  dihalogenides 
were  formed.  This  observation  was,  however,  shortly  afterwards 
shown  by  WallachU  to  be  incorrect  and  in  acetic  acid  solution 
the  terpinene  dihalogenides  (XVII)  are  produced.  If,  however,  the 

*  Ber.  1928,  61,  459.  f  J-C.S.  1922,  121,  2717. 

{  The  authors  do  not  mention  if  these  substances  were  optically  active. 

§  Semmler,  Ber.  1900,  33,  1404.  ||  J.  pr.  Chem.  1904  [ii],  69,  176. 

If  Annalen,  1906,  350,  164;  1907,  356,  199. 
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reaction  is  conducted  in  the  absence  of  a  solvent  or  in  carbon 
disulphide  solution,  care  being  taken  to  exclude  all  traces  of 
moisture,  then  a  laevorotatory  monohydrochloride  (XVIII),  b.p. 
82-86°/9  mm.,  [a]D  -  0-5,  is  obtained.* 

The  tendency  for  sabinene  to  pass  into  derivatives  of  a- 
terpinene  is  further  exemplified  in  its  reactions  with  dilute 
sulphuric  acid,  which  have  been  investigated  by  Wallach  j  and 
which  have  already  been  referred  to  (Vol.  i,  p.  150).  When  the 
hydrocarbon  is  shaken  with  dilute  sulphuric  acid  it  passed 
readily  into  terjpinen-4t-ol  (XIX)  and  1  :  k-terpin  (XX).  The 
conversion  into  terpinen-4-ol  occurs  also  when  the  terpene  is 
treated  with  formic  acid.  J 
CH3  CH3  CH3  CH3  CH3  CH .  C02H 

C.C1  C.C1  C  C.OH  C.OH  C 


H2C 


CH2  HC  CH2  H2C  CH  H2C  CH2  HC  CH2  HC  CH2 
CH2      H2C  \   CH2      H2C     CHo      H2C     CH2       H2C  \   CH2      H2C  \  CH2 

v      v       "V  \\/ 

C.Cl  C  C.OH  C.OH  C  C 

CH  CH  CH  CH  CH  CH 

H3C     CH3      H3C     CH3       H3C     CH3      H3C     CH3       H3C     CH3      H3C  CH3 
(XVII)  (XVIII)  (XIX)  (XX)  (XXI)  (XXII) 

This  facile  fission  of  the  cyclopropane  ring  is  in  marked  con- 
trast to  that  observed  in  the  case  of  the  carenes,  which  do  not 
react  with  dilute  sulphuric  acid. 

The  alcohol,  sabinene  hydrate  (XXI),  m.p.  38-39°,  b.p.  195- 
201°,  which  can  be  prepared  by  the  action  of  the  Grignard 
reagent  on  sabinaketone,  §  shows  a  similar  instability  and,  when 
shaken  with  dilute  sulphuric  acid,  gives  the  same  products  as 
the  parent  hydrocarbon.  Sabinaketone  condenses  apparently 
normally  with  ethyl  bromoacetate  in  the  presence  of  zinc  to  give 
a  hydroxy  ester  yielding  on  hydrolysis  the  unsaturated  acid 
(XXII),  m.p.  67-68°.  ||  Although  this  acid  loses  carbon  dioxide 
on  distillation,  it  does  not  yield  sabinene,  but  the  monocyclic 
terpene,  ^-terpinene  (see  Vol.  i,  p.  158). 

*  Semmler,  Ber.  1906,  39,  4420;  1907,  40,  754,  2959;  Wallach,  Ber.  1907,  40,  590; 
Annalen,  1907,  356,  198. 

f  Annalen,  1906,  350,  165;  1908,  360,  98. 
X  Ber.  1906,  39,  4421;  1907,  40,  2965. 

§  Wallach,  Annalen,  1907,  357,  65;  1908,  360,  94.       ||  Annalen,  1908,  362,  287 
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By  the  condensation  of  sabinene  and  isoprene,  Semmler 
and  Jonas*  prepared  a  monocyclic  sesquiterpene,  b.p.  129- 
135°/15  mm.,  d20°  0-890,  nD  1-150172. 

Attention  has  already  been  directed  (Vol.  1,  p.  385)  to  the 
possible  biogenic  relationship  between  sabinene,  terpinen-4-ol 
and  1  :  4-cineole. 


B.  ALCOHOLS 
THUJYL  ALCOHOL 
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V 

I 

CH 

/\ 
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The  secondary  alcohol,  thujyl  alcohol,  C10H18O,  known  also  as 
tanacetyl  alcohol,  was  found  by  Schimmel  and  Co.f  to  be  present 
in  the  free  state  and  combined  with  various  acids  in  oil  of  worm- 
wood (from  Artemisia  Absinthium  L.).  Prior  to  its  discovery  in 
nature,  the  alcohol  had  been  prepared  simultaneously  by 
WallachJ  and  by  Semmler  §  by  the  reduction  of  thujone  (p.  40) 
with  sodium  and  alcohol.  From  its  method  of  preparation  and 
from  the  fact  that  on  oxidation  it  can  be  reconverted  into  the 
parent  ketone  (I),  it  follows  that  it  must  be  represented  by 
formula  (II)  (p.  22). 

Inspection  of  the  formula  of  thujyl  alcohol  shows  that  it  can 
exist  theoretically  in  eight  optically  active  and  four  externally 
compensated  modifications.  The  natural  alcohol,  and  that  pre- 
pared by  the  reduction  of  thujone,  are  mixtures  of  stereo- 

*  Ber.  1914,  47,  2081. 

f  SchimmeVs  Report,  1897,  April,  p.  52. 

%  Annalen,  1892,  272,  109. 

§  Ber.  1892,  25,  3344. 
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isomerides,  which  have  been  partially  separated  by  Paolini  and 
his  collaborators*  and  by  Tschugaev  and  Fomin.f 

CH8  CH3 

CH  CH 

/\  H2  /\ 

HC     CO   >  HC  CHOH 

l\     I  02  |\  | 

'    H2C\    CH2                 «   H2C\  CH2 

V  V 

CH  CH 

HgC^CH,  HgC^CHg 

(I)  (II) 

By  the  reduction  of  /3-thujone  (d-thujone)  from  tansy  oil, 
Paolini  prepared  a  thujyl  alcohol,  b.p.  206-209°,  d20°  0-925, 
n™°  1-4635,  [a]D  +  69-49°,  the  hydrogen  phthalate  of  which  on 
fractional  crystallisation  gave  a  d-thujyl  hydrogen  phthalate,  m.p. 
120°,  [a]D  +  91-27°.  From  this,  by  hydrolysis,  pure  d-thujyl 
alcohol,  b.p.  206°,  d1Q0  0-9229,  n™°  1-4625,  [afo  +  114-67°,  was 
obtained.  An  isomeric  dextrorotatory  alcohol  was  prepared  by 
Paolini  and  Divizia  by  the  reduction  of  a-thujone  (Z-thujone) 
from  thuja  oil.  From  this  alcohol  a  hydrogen  phthalate,  m.p. 
95-96°,  [a]D  +  2-28°,  was  obtained  and  this  gave  on  hydrolysis 
an  alcohol,  [a]D  +  50-01°,  for  which  the  name  S-thujyl  alcohol  is 
suggested. 

Tschugaev  and  Fomin,  who  also  used  the  hydrogen  phthalates 
for  the  purification  of  the  thujyl  alcohol  prepared  by  the  re- 
duction of  thujone,  fractionally  crystallised  the  cinchonine  salt. 
From  the  sparingly  soluble  fraction  of  this  salt  they  obtained  an 
alcohol  having  d™°  0-9187,  [a]D+  116-93°,  and  Paolini's  d-thujyl 
alcohol  may  contain  this  as  its  chief  constituent.  The  hydro- 
gen phthalate  regenerated  from  the  soluble  cinchonine  salt 
was  further  purified  by  crystallisation  of  the  strychnine  salt. 
A  second  hydrogen  phthalate,  so  obtained,  gave  on  hydrolysis 
a  crystalline  l-thujyl  alcohol,  m.p.  28°,  [a]B  —  9-12°. 

The  relationship  of  these  three  alcohols  to  the  thujones  has 


*  Atti  B.  Accad.  Lincei,  1911  [v],  20,  I,  765,  769;  1912  [v],  21,  I,  570;  Gazzetta, 
1912,  42, 1,  41. 
f  Ber.  1912,  45,  1293. 


ch.  i  THU JANE  AND  ITS  DERIVATIVES 


23 


only  been  determined  in  the  case  of  d-thujyl  alcohol,  which  gives 
on  oxidation  thujone,  the  semicarbazone  of  which  melted  at 
174-175°  and  had  [a]D  +  220°. 

Thujyl  alcohol  is  a  colourless,  somewhat  viscid  oil,  with  an 
odour  resembling  that  of  carvomenthol.  As  is  to  be  anticipated, 
the  constants  of  the  alcohol  as  quoted  in  the  literature  show  very 
considerable  variations,  but  the  values  found  by  Ostling*  for  a 
specimen  of  the  alcohol  prepared  by  the  reduction  of  cZ-thujone 
may  be  considered  as  representative,  b.p.  209-8-210- 1°/757  mm., 
d™'1*  0-9202,  n^'T  1-46379.  Owing  to  the  presence  of  the  cyclo- 
propane ring  the  molecular  refraction  shows  a  marked  exaltation 
(+  0-62).  The  calorific  value  determined  by  Roth  and  Ostlingf  is 
1479-4  Kg.  cals.  and  is  higher  than  that  of  borneol. 

The  alcohol  can  be  identified  readily  by  oxidation  to  thujone 
and  the  preparation  of  the  characteristic  derivatives  of  the 
ketone. 

In  addition  to  its  formation  by  the  reduction  of  thujone, 
thujyl  alcohol  has  been  prepared  by  the  reduction  of  sabinol 
(III)  (see  p.  28),  either  with  sodium  and  alcoholi  or  by  catalytic 
hydrogenation  in  the  presence  of  palladium, §  and  by  the  action 
of  nitrous  acid  on  thujylamine  (IV). 
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Thujyl  alcohol  shows  considerable  stability  and  unlike  thujone 
it  does  not  isomerise  when  heated.  With  the  halogens  it  does  not 
yield  any  characteristic  derivatives,  whilst  with  the  halogen 
acids  the  reactions  taking  place  would  appear  to  be  somewhat 

*  J.C.S.  1912,  101,  470.  t  Ber.  1913,  46,  323. 

t  Semmler,  Ber.  1900,  33,  1461. 

§  Wallach,  Nach.  Ges.  Wiss.  Gott.  1919,  3,  321;  Henderson  and  Robertson,  J.C.S. 
1923,  123,  1715. 
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complex.  By  the  action  of  hydrogen  chloride  in  acetic  acid 
solution  or  with  phosphorus  pentachloride  in  light  petroleum, 
thujyl  chloride  is  obtained.*  This  chloride,  which  boils  over  a 
wide  range,  72-82°/10  mm.,  is  not  homogeneous  and  is  a  mixture 
of  thujyl  chloride  (V)  and  monocyclic  chlorides  formed  by  the 
fission  of  the  ci/cZopropane  in  either  of  the  two  directions  in- 
dicated by  the  partial  formulae  (VI)  and  (VII).  The  presence  of 
thujyl  chloride  in  the  mixture  was  proved  by  Kondakov  and 
Skworzovf ,  who  showed  that  on  treatment  with  alkali  a  mixture 
of  a-  and  /3-thujenes  was  obtained. 
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With  hydrogen  bromide  in  acetic  acid  solutionj  a  mixture 
of  bromides  is  obtained,  b.p.  100-128°/11  mm.,  which  does  not 
apparently  contain  any  thujyl  bromide,  since  treatment  with 
alkali  gives  a  mixture  of  monocyclic  alcohols,  C10H18O,  b.p.  218- 
225°,  the  nature  of  which  has  not  been  determined.  Although 
thujyl  alcohol  is  decomposed  on  warming  with  dilute  sulphuric 
acid,  it  is  stable  in  the  cold  and  differs  in  this  respect  from 
sabinol§  (compare  p.  29). 

A  number  of  esters  of  thujyl  alcohol  have  been  described,  but 
esterification  does  not  take  place  smoothly  owing  to  the  tendency 
for  hydrocarbon  formation  to  occur  simultaneously.  Of  par- 
ticular interest  are  the  methyl  thujylxanthates,  C10H17OC .  S2 .  CH3 , 
first  prepared  by  Tschugaev||  and  subsequently  investigated 
more  thoroughly  by  Tschugaev  and  Fomin.1I  When  prepared 

*  Semmler,  Ber.  1892,  25,  3345;  Kondakov,  J.  pr.  Clem.  1900  [ii],  62,  176. 

t  J.  pr.  Chem.  1904  [ii],  69,  176. 

t  Kondakov,  Chem.  Z.  1902,  26,  723. 

§  Wallach,  Annalen,  1895,  286,  109;  1908,  360,  93. 

||  Ber.  1900,  33,  3120.  If  Ibid.  1912,  45,  1293. 
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from  ordinary  thujyl  alcohol  these  esters  are  oils,  which  decom- 
pose on  heating,  yielding  a  mixture  of  a-  and  /3-thujenes.  The 
ester  prepared,  however,  from  pure  d-thujyl  alcohol  decomposes 
at  138°  with  formation  of  pure  Z-a-thujene,  that  from  Z-thujyl 
alcohol  is  more  stable  and  only  decomposes  at  183°  to  give 
mainly  <i-/3-thujene. 

Attention  may  be  directed  finally  to  the  interesting  investiga- 
tions of  Charabot*  on  the  oil  content  of  the  French  A .  Absinthium 
at  different  periods  in  the  growth  of  the  herb  and  the  relative 
proportions  of  thujyl  alcohol  (or  thujyl  esters)  and  thujone 
present.  A  parallel  investigation  on  the  American  herb  has  been 
made  by  Rabak.f 
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HC  CHOH 
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H3C  CH3 

d-Sabinol,  C10H16O,  occurs  in  nature,  both  free  and  in  the  form 
of  its  acetate,  in  oil  of  savin  (from  Juniperis  Sabina  L.){  and  also 
in  the  oil  from  Juniperis  plioenicm.% 

d-Sabinol  was  first  investigated  by  Fromm,  who  showed  that 
it  was  an  unsaturated  alcohol,  C10H16O,  which  on  oxidation  with 
potassium  permanganate  gave  a-thujadicarboxylic  acid  (III)  and 
contained  therefore  the  dicyclic  structure  of  the  hydrocarbon, 
sabinene.  At  the  time  of  these  experiments  the  constitution  of 
a-thujadicarboxylic  acid  was  not  known.  A  more  comprehensive 
study  of  the  oxidation  products  of  cZ-sabinol  was  made  by 
Semmler,||  and  he  was  able  to  show  that  the  alcohol  must  have 

*  Bull.  Soc.  chim.  1900  [iii],  23,  474;  Compt.  rend.  1900,  130,  923. 
f  J.  Ind.  Eng.  Chem.  1921,  13,  536. 

t  SchimmeVs  Report,  1895,  2,  40;  Fromm,  Ber.  1898,  31,  2025. 
§  Umney  and  Bennett,  Pharm.  J.  1905,  75,  827. 
||  Ber.  1900,  33,  1460;  compare  Fromm,  ibid.  1193. 
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formula  (I) .  By  the  action  of  cold  dilute  potassium  permanganate 
a  trihydroxy  alcohol,  sabina  glycerol  (II),  m.p.  152-153°,  is 
formed,  which,  when  shaken  with  dilute  sulphuric  acid,  is  con- 
verted into  an  unsaturated  glycerol,  probably  A1-^p-menthen- 
4:6:  7-triol  (IV),*  whilst,  when  it  is  warmed  with  the  same 
reagent,  it  yields  cuminalcohol  (V).  It  will  be  observed  that  the 
conversion  of  sabina  glycerol  into  the  primary  alcohol  definitely 
proves  the  presence  of  an  exocyclic  ethylenic  linkage  in  sabinol. 
The  further  oxidation  of  the  glycerol  with  potassium  perman- 
ganate leads  to  the  cyclic  acid  a-thujadicarboxylic  acid  (III), 
the  determination  of  the  constitution  of  which  is  discussed  on 


pp.  33  seq. 
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d-Sabinol  is  an  oil,  which,  after  purification  through  its 
crystalline  hydrogen  phthalate  (see  below),  has  b.p.  208°, 
d15°  0-9518,  n™°  1-4895,  [a]D  +  7-56°;  like  the  parent  hydro- 
carbon (see  p.  17)  it  shows  a  marked  molecular  exaltation  of 


*  Wallach,  Annalen,  1908,  360,  96. 


ch.  i  THUJANE  AND  ITS  DERIVATIVES 


27 


the  refractive  index  (+  1-5).  The  alcohol  can  be  characterised 
by  the  preparation  of  the  ^-nitrobenzoate,  m.p.  76°,  or  by  oxida- 
tion to  a-thujadicarboxylic  acid. 

Since  sabinol  contains  three  asymmetric  carbon  atoms,  it  can 
theoretically  exist  in  eight  optically  active  forms.  The  alcohol 
from  oil  of  savin  has  been  shown  by  Paolini  and  Rebora*  to  be 
homogeneous;  it  yields  a  crystalline  hydrogen  phthalate,  m.p. 
9^-95°,  [a]D  -  14-63°  (in  methyl  alcohol).  No  other  forms  of  the 
alcohol  have  been  described. 
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The  catalytic  hydrogenation  of  cZ-sabinol  has  been  investigated 
by  Wallachf  and  by  Henderson  and  Robertson  4  With  a  nickel 
catalyst  at  170-175°,  it  yields  a  mixture  of  hydrocarbons  from 
which  thujane  (VI)  and  a  hydrocarbon,  b.p.  161-163°/763  mm., 
d20°  0-7950,  nD  1-4300,  were  separated.  Although  the  constitu- 
tion of  the  latter  was  not  determined,  it  seems  not  improbable 
that  it  is  identical  with  the  ci/cZopentane  hydrocarbon  which  has 

*  Atti  R.  Accad.  Lined,  1916  [v],  25,  n,  377. 

t  Nach.  Ges.  Wiss.  Gott.  1919,  3,  321.  J  J.C.S.  1923,  123,  1715. 
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been  obtained  both  by  the  reduction  of  a-thujene  and  thujone 
(see  pp.  6,  40).  Using  a  platinum  or  palladium  catalyst  at  the 
ordinary  temperature,  the  main  product  of  the  hydrogenation 
is  the  saturated  alcohol,  diJiydrosabinol  (VII),  b.p.  206-208°, 
r/2o°  0-9160,  nD  1-4601,  which  is  Zaevorotatory ;  at  the  same  time 
some  thujane  is  also  formed  together  with  the  hydrocarbon  of 
unknown  constitution  referred  to  above. 

Z-Dihydrosabinol  is  identical  with  l-thujyl  alcohol  (p.  22), 
since  on  oxidation  it  yields  d-thujone  (VIII),  whilst  on  distilla- 
tion of  methyl  dihydrosabinylxanthate  at  the  ordinary  pressure 
a-thujene  (IX)  is  obtained*  (see  p.  25). 

Thujyl  alcohol  is  also  produced  by  the  reduction  of  sabinol 
with  sodium  in  alcoholic  solution. f  According  to  Semmler, 
sabinol  undergoes  a  somewhat  remarkable  reaction  when  heated 
with  zinc  dust  being  isomerised  to  thujone.  Treibs  and  Schmidt { 
have  found  that,  when  sabinol  is  distilled  over  nickel  or  copper, 
a  mixture  of  a-  and  /3-thujones  together  with  a  little  carvotan- 
acetone  is  obtained.  The  conversion  of  cZ-sabinol  into  thujone, 
accompanied  by  some  ^othujone,  also  occurs  when  the  alcohol 
is  heated  with  aluminium  ^opropylate  at  160°  or  with  sodium 
hydroxide, §  so  that  the  tendency  for  sabinol  to  isomerise  to 
thujone  is  evidently  considerable. 

The  oxidation  of  d-sabinol  with  ozone  has  been  investigated 
by  Hasselstrom||,  who  has  shown  that  formaldehyde,  a-thuja- 
dicarboxylic  acid  (III)  and  the  semi-aldehyde  of  this  acid  (XI) 
are  produced.  In  addition  an  oxide  was  separated,  which  probably 
has  formula  (X),  since,  on  treatment  with  an  alcoholic  solution 
of  potassium  hydroxide,  it  gives  (XI). 

On  oxidation  with  hydrogen  peroxide  in  acetic  acid  solution, 
eZ-sabinol  gives  the  two  isomeric  glycol  anhydrides  which  are 
obtained  when  (2-sabinene  is  treated  with  this  reagent  (see 
p.  18).H  With  chromic  acid  it  gives  the  same  oxidation  products 
as  sabinene  (p.  19). 

With  bromine,  ^-sabinol  does  not  give  any  characteristic 
derivatives,  whilst  the  halogen  acids  cause  ring  fission  and  de- 

*  Compare  Kondakov  and  Skworzov,  J.  pr.  Chem.  1903  [ii],  67,  573. 
f  Semmler,  Ber.  1900,  33,  1461. 

%  Ber.  1927,  60,  2340.  §  Schmidt,  Ber.  1929,  62,  105. 

||  Annal.  Acad.  Sci.  Fennicae,  1927,  A  29,  no.  5. 
If  Henderson  and  Robertson,  J.C.S.  1926,  p.  2761. 
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hydrogenation  to  ^p-cymene.*  Ring  fission  also  occurs  when  the 
alcohol  is  shaken  with  dilute  sulphuric  acid  (5  per  cent.),  Ax-p- 
menthen-4: :  Q-diol  (XII)  being  formed. f  By  the  action  of  sulphur 
dioxide  on  an  alcoholic  solution  of  c^-sabinol,  WallachJ  prepared 
an  interesting  derivative,  m.p.  98-99°,  which  he  suggests  is 
probably  the  sulphonic  acid  (XIII),  since,  on  hydrolysis  with 
alkali,  it  yields  an  unsaturated  alcohol,  which  on  reduction  and 
oxidation  gives  thujone. 
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The  ketone,  thujone  C10H16O,  is  found  fairly  widely  distributed 
in  nature,  occurring,  inter  al,  in  thuja  oil  (from  Thuja  occi- 
dentalis),  sage  oil  (Salvia  officinalis  L.),  tansy  oil  (Tanacetum 
vulgar e  L.)  and  wormwood  oil  (Artemisia  Absinthium  L.). 

*  Fromm,  Ber.  1898,  31,  2030;  1900,  33,  1208. 
f  Wallach,  Annalen,  1908,  360,  99. 
%  Nach.  Ges.  Wiss.  Gott.  1919,  3,  321. 
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In  1878  Bruylants*  prepared  from  tansy  oil  a  crystalline 
bisulphite  compound  from  which  he  regenerated,  by  the  action 
of  alkali,  a  substance  of  the  formula  C10H16O,  which  he  considered 
to  be  an  aldehyde,  whilst  at  about  the  same  time  Muir  and 
Sugiuraj  isolated  from  sage  oil  a  body  of  this  composition,  to 
which  they  gave  the  name  salvinol.  A  few  years  later  JahnsJ 
showed  that  the  higher  boiling  fraction  of  thuja  oil  could  be 
separated  into  two  fractions:  (i)  b.p.  195-197°,  [a]D  —  8-28°  and 
(ii)  b.p.  197-199°,  [a]D  +  7-21°.  In  a  reinvestigation  of  this  oil 
Wallach§  found  the  low  boiling  Zaevorotatory  fraction  to  consist 
of  Z-fenchone,  whilst  the  high  boiling  dextrorotatory  fraction 
contained  a  new  ketone,  for  which  he  suggested  the  name 
thujone.  On  oxidation  with  potassium  permanganate,  this  ketone 
gave  two  isomeric  ketonic  acids,  a-  and  p-thujaketonic  acids, 
C10H16O3.  Simultaneously  Semmler||  was  investigating  tansy  oil 
and  he  found  that  the  substance  isolated  by  Bruylants  was  not 
an  aldehyde,  but  a  saturated  ketone,  C10H16O.  This  ketone, 
which  he  designated  tanacetone,  was  characterised  by  the  pre- 
paration of  an  oxime,  m.p.  51-5°,  and  by  oxidation  with  potassium 
permanganate  to  a  ketonic  acid,  C10H16O3 ,  and  a  dicarboxylic  acid, 
C9H1404.  Semmler  made  the  further  very  important  observa- 
tion, that  the  ketones  present  in  thuja,  sage,  tansy  and  wormwood 
oils  were  apparently  all  structurally  identical,  since,  on  oxida- 
tion, they  all  gave  the  same  dicarboxylic  acid,  a-thujadicarboxylic 
acid  or  a-tanacetonedicarboxylic  acid,  m.p.  142°,  having  the  same 
rotatory  power.  He  pointed  out,  however,  that,  although  these 
ketones  appeared  to  be  structurally  identical,  they  had  not  the 
same  properties.  All  specimens  of  the  ketone  did  not  yield 
crystalline  bisulphite  compounds  or  crystalline  oximes,  whilst 
they  showed  marked  differences  in  their  optical  rotatory  power. 
He  suggested  the  possibility  that  the  difference  in  properties 
was  due  to  the  ketones  being  mixtures  of  stereoisomerides.  He 
suggested  further,  that  the  dextrorotatory  ketone  from  tansy 
oil  should  be  called  tanacetone  or  fi-thujone,  and  that  prepared 
from  thuja  oil,  which  was  laevorotatory,  a-thujone. 

Owing  to  its  tendency  to  isomerise,  the  determination  of  the 

*  Ber.  1878,  11,  449.  f  Y.B.  of  Pharm.  1877,  p.  498;  J.C.S.  1880,  37,  678. 

%  Arch.  Pharm.  1883,  221,  748. 

§  Annalen,  1893,  272,  99.  1 1  Ber.  1892,  25,  3343. 
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constitution  of  thujone  involved  considerable  difficulties  and  it 
was  only  established  after  a  prolonged  series  of  investigations  in 
which  Semmler,  Tiemann  and  Wallach  participated. 

As  mentioned  above,  Bruylants  considered  thujone  to  be  an 
aldehyde  and  suggested  the  constitution  represented  by  (I), 
which  was  disproved  when  Wallach  and  Semmler  found  it  to  be 
a  ketone.  From  the  ease  with  which  it  was  attacked  by  potassium 
permanganate,  Wallach  was  led  to  conclude  that  it  was  an  un- 
saturated cyclic  ketone;  he  did  not,  however,  determine  the 
constitution  of  either  of  the  isomeric  ketonic  acids  obtained  on 
oxidation,  although  he  showed  that  on  heating  they  both  gave 
an  unsaturated  acyclic  ketone,  C7H12 .  CO .  CH3 . 
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From  his  experiments,  however,  Semmler  concluded  that  it 
was  a  saturated  dicyclic  ketone.  He  found  that  it  was  oxidised 
slowly  by  sodium  hypobromite  to  give  an  acid,  C9H1402,  a 
reaction  which  appeared  to  show  the  presence  of  the  group 
— CO.CH3.  To  explain  this  result  and  also  to  account  for  the 
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formation  of  the  two  isomeric  ketonic  acids,  C10H16O3 ,  which  he 
considered  to  be  stereoisomerides,  Semmler  suggested  formula 
(II).  Two  years  later,  however,*  he  replaced  this  by  (III)  to 
account  for  the  fact  that  thujone  was  readily  isomerised  when 
heated  to  yield  the  monocyclic  unsaturated  ketone,  carvo- 
tanacetone  (IV),  which  could  be  reduced  to  carvomenthol  (V). 
Although  the  relative  positions  of  the  methyl,  ^opropyl  and 
carbonyl  groups  were  correctly  allocated — for,  as  Wallachf 
showed,  thujone  could  be  converted  into  carvacrol — this  formula 
became  untenable  when  Wallach  prepared  a  hydroxymethylene 
derivative,  thus  proving  the  presence  of  the  group  — CH2 .  CO — . 
Wallach  tentatively  suggested  (VI),  a  representation  which  had 
at  one  time  been  assigned  to  camphor.  It  was,  however,  difficult 
to  explain  how  a  substance  having  this  formula  could  on  oxida- 
tion give  a  ketonic  acid  containing  the  group  — CO .  CH3 .  Other 
formulae,  (VII)  and  (VIII),  were  suggested  by  Wagner %  and  by 
Kondakov,§  the  latter  being  based  on  the  erroneous  observation, 
that  a-  and  /?-thujenes  give  with  hydrogen  chloride  dipentene 
dihy  drochloride . 


(VI)  (VII)  (VIII)  (IX) 


In  1900  Semmler||  advanced  a  formula  (IX),  which  is  now 
accepted  as  correct.  This  was  based  on  the  determination  of  the 
constitution  of  the  two  thujaketonic  acids  and  on  that  of  the 
isomeric  ketone,  isothujone,  which  can  be  prepared  by  the 
isomerisation  of  thujone  (see  below). 

Although  in  his  earlier  experiments,  to  which  reference  was 
made  above,  Wallach  had  found  that  the  oxidation  of  thujone 


*  Ber.  1894,  27,  893. 
%  Ibid.  1896,  29,  885. 
||  Ber.  1900,  33,  273. 


t  Ibid.  1895,  28,  33. 

§  Chem.  Z.  1902,  26,  720. 
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with  potassium  permanganate  resulted  in  the  formation  of  both 
a-  and  /3-thujaketonic  acids,  the  later  experiments  of  Tiemann 
and  Semmler*  showed  that,  if  the  oxidation  was  carried  out  in 
dilute  solution  at  a  low  temperature,  only  a-thujaketonic  acid, 
m.p.  75-76°,  [a]D  +  192°  (in  ether)  (oxime,  m.p.  174-176°,t 
semicarbazone,  m.p.  182-183°,  J  197°§),  was  obtained  in  an  almost 
quantitative  yield.  Although  the  constitution  of  this  acid  has 
not  been  established  by  its  direct  synthesis,  there  can  be  no 
doubt  that  it  is  the  cyclopropane  acid  (X).  On  oxidation  with 


CH3 
CH 


HC 

I 

ELC 


KMn04 


H3C  CH3 
(IX) 
CH3 
CO 


H2SO-4/ 


CH3 
CO 


HC 
H2C 


CH, 


H3C  CH3 
(X) 
CH3 
C.OH 


NaOBr 


H2C 


C02H 
CH, 


C 

I 

CH 


H3C  CH3 
(XI) 
CH3 
CO 


H2C 
HjC 


CO 


CH2 


H3C  CH3 
(XII) 


H2C\  CH2 

Y 

CH 
H3C  CH3 

(XIII) 


HgC 


CH 


CH 

/\ 
H3C  CH3 

(XIV) 


sodium  hypobromite,  it  gives  a  stable  dicarboxylic  acid,  d-a- 
thujadicarboxylic  acid  (XI),  m.p.  141-142°,  [a]D  +  171-5°  (in 
chloroform  solution),  which  yields  an  anhydride,  m.p.  55-56°. 
When  the  ketonic  acid  is  warmed  with  dilute  sulphuric  acid, 
fission  of  the  cyclopropane  ring  occurs  with  conversion  into  a 


*  Ber.  1897,  30,  431. 
t  Wallach,  Ber.  1897,  30,  426. 


f  Thomson,  J.C.S.  1910,  97,  511. 
Seyler,  Ber.  1902,  35,  350;  Simonsen,  Ind.  For.  Bee.  1922,  9,  293. 
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ketonic  lactone,  C10H16O3  (XII),  m.p.  63°,*  which  can  be  pre- 
pared also  from  a-terpineol  (Vol.  I,  p.  225),  whilst,  on  distillation 
under  diminished  pressure  or  on  digestion  with  water,  it  is  con- 
verted into  an  unsaturated  acid,  fi-thujaketonic  acid,  which 
crystallises  in  needles,  m.p.  78-79°  (oxime,  m.p.  111-112°, 
semicarbazone,  m.p.  195-196°),  which,  as  will  be  shown,  must 
have  formula  (XIV). 

If  the  formula  of  a-thujaketonic  acid  be  inspected,  it  will  be 
observed  that  the  enolic  form  (XIII)  has  an  ethylenic  linkage 
attached  to  the  cyclopropane  ring.  As  is  well  known  this  structure 
is  unstable,  and  it  is  probably  due  to  the  intermediate  formation 
of  this  substance  that  the  a-ketonic  acid  owes  its  tendency  to 
isomerise,  since  the  dicarboxylic  acid  (XI)  is  stable. 

When  /3-thujaketonic  acid  is  heated  at  the  ordinary  pressure 
it  loses  carbon  dioxide  with  formation  of  the  unsaturated  ketone, 
C9H160,  thujaketone  (2-methyl-S-methyleneheptan-Q-one),  b.p.  184- 
186°,  d20°  0-854,  n™°  1-44104.  For  this  ketone  Wallachf  sug- 
gested formula  (XV),  since  it  passed  readily  into  a  hydrocarbon 
which,  from  its  reactions,  was  undoubtedly  dihydro-co-cumene 
(XVI).  More  direct  evidence  of  the  constitution  of  this  ketone 
was  furnished  by  Tiemann  and  Semmler,j  who  showed  that, 
on  oxidation  with  potassium  permanganate,  it  gave  a  glycol, 
C9H1803  (XVII),  which  on  distillation  under  diminished  pressure 
passed  with  loss  of  water  into  the  dioxide  (XVIII). 

When  /?-thujaketonic  acid  (XIV)  is  oxidised  with  potassium 
permanganate  it  yields  a  diketone,  which  must  be  to -dimethyl 
acetonylacetone  (XIX),  since,  on  oxidation  with  sodium  hypo- 
bromite,  it  gives  co-dimethyllaevulic  acid  (XX)  and  with  alcoholic 
ammonia  1  -methyl- 4-isopropylpyrrol  (XXI),  the  latter  reaction 
being  characteristic  of  1  :  4-diketones.  Oxidation  of  /?-thuja- 
ketonic  acid  with  sodium  hypobromite  was  shown  by  Tiemann 
and  Semmler,  and  also  by  Wallach,  to  give  a  dibasic  acid, 
fi-thujadicarboxylic  acid  (XXII),  m.p.  116-118°,  the  constitution 
of  which  was  definitely  established  by  its  oxidation  to  co- 
dimethyllaevulic  acid  (XX).  Further  evidence  §  in  support  of  the 
formula  assigned  to  /3-thujadicarboxylic  acid  was  supplied  by 

*  T,iemann  and  Semmler,  Ber.  1896,  29,  543. 

|  Annalen,  1893,  275,  174.  %  Ber.  1897,  30,  440. 

§  Semmler,  Ber.  1892,  25,  3350;  1897,  30,  439;  Wallach,  Annalen,  1911,  381,  85. 
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the  conversion  of  its  calcium  salt  on  distillation  into  the  cyclic 
unsaturated  ketone,  tanacetophorone  (XXIII),  b.p.  212-214°, 
d20°  0-938,  n™°  1-4788  (semicarbazone,  m.p.  187-188°),  which  on 
oxidation  with  potassium  permanganate  gives  the  substituted 
laevulic  acid  (XX). 
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Whilst  the  experiments  outlined  above  elucidated  the  con- 
stitution of  a-  and  /3-thujaketonic  acids  and  the  related  dicar- 
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boxylic  acids,  and  so  established  beyond  question  the  presence 
of  a  cyclopropane  ring  in  thujone,  direct  evidence  of  the  asso- 
ciated cycfopentane  ring  was  furnished  by  a  study  of  the  ketone 
isothujone.  It  was  observed  by  Baeyer*  that,  when  thujone  was 
dissolved  in  concentrated  sulphuric  acid,  isomerisation  occurred 
with  the  formation  of  a  ketone,  which  gave  with  an  alcoholic 
solution  of  potassium  hydroxide  a  cherry-red  colour.  The  most 
satisfactory  conditions  for  effecting  the  isomerisation  were  deter- 
mined later  by  Wallachf  and  by  Haller,  J  who  found  the  reaction 
to  proceed  most  readily  when  thujone  was  dissolved  in  about 
three  times  its  volume  of  cold  sulphuric  acid.  The  experiments 
now  to  be  discussed  were  carried  out  with  isothujone  prepared 
in  this  manner  although,  as  Wallach§  has  pointed  out  more 
recently,  the  ketone  is  always  a  mixture  of  isothujone,  thujone 
and  carvotanacetone,  and  can  only  be  purified  with  great 
difficulty  through  its  semicarbazone.  The  ketone  is  in  any  case 
a  mixture  of  stereoisomerides,  since  it  contains  three  asym- 
metric carbon  atoms. 

When  isothujone,  b.p.  231-232°,  d20°  0-927,  n™°  1-48217,||  is 
oxidised  with  potassium  permanganate, If  it  yields  a  substance 
C10H16O3,  m.p.  43°,  b.p.  273°,  which  has  been  found  to  be  a 
ketolactone  and  must  be  represented  by  (XXV),  since,  on  further 
oxidation,  it  gives  f3-isopropyllaevulic  acid  (XXVI),  the  constitu- 
tion of  which  is  proved  by  its  degradation  with  sodium  hypo- 
bromite  to  isopropylsuccinic  acid  (XXVII).  The  ketolactone  is 
only  very  slowly  attacked  by  potassium  permanganate,  when  an 
acid,  C9H1404,  m.p.  52-53°,  is  formed,  which  can  be  prepared 
more  readily  by  its  oxidation  with  either  sodium  hypobromite 
or  dilute  nitric  acid.  This  acid  is  undoubtedly  the  lactonic  acid 
(XXVIII),  since  it  is  oxidised  by  chromic  acid  to  /3-isopropyl- 
laevulic  acid  (XXVI).  All  these  reactions  can  be  readily  ex- 
plained if  isothujone  be  represented  by  formula  (XXIV),  the 
primary  product  (XXIV  a)  of  its  oxidation  passing  into  the 
ketolactone. 

*  Ber.  1894,  27,  1922. 

t  Annalen,  1895,  286,  101;  1902,  323,  334;  Ber.  1895,  28,  1958. 
%  Compt.  rend.  1905,  140,  1628.  §  Annalen,  1915,  408,  163. 

||  Compare  Auwers  and  Eisenlohr,  J.  pr.  Chem.  1910  [ii],  82,  155. 
\  Wallach,  Ber.  1897,  30,  426;  Annalen,  1902,  323,  33;  Semmler,  Ber.  1900,  33. 
275. 
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Confirmatory  evidence  of  the  constitution  of  isothujone  was 
obtained  by  a  study  of  its  reduction  products.  When  ^sothujone 
is  reduced  with  sodium  and  alcohol,*  it  yields  a-thujamenthol 
(XXIX),  b.p.  211-212°,  d20°  0-9015,  ^  1-46306,  from  which, 
by  oxidation  with  chromic  acid,  the  corresponding  saturated 
ketone,  a-thujamenthone  (XXX),  b.p.  209-209-5°,  d18°  0-8915, 
n™°  1-4474  (oxime,  m.p.  97°,  semicarbazone,  m.p.  185°),  can  be 
prepared. 

A  stereoisomeric  ketone,  fi-thujamentlione,  b.p.  215-216°, 
d19°  0-8890,  n™°  1-4511  (oxime,  m.p.  130-131°,  semicarbazone, 
m.p.  190-191°),  is  obtained  when  ^othujone  is  hydrogenated 
catalytically  in  the  presence  of  palladium. f  It  will  be  observed 
that  the  two  isomerides  show  a  very  marked  difference  in  their 
physical  properties,  but  there  can  be  no  doubt  that  they  are 
stereo-  and  not  structural  isomers,  since  they  both  yield  the 
same  oxidation  products.  This  difference  is  shown  also  by  the 


*  Wallach,  Annalen,  1895,  286,  104;  1902,  323,  352;  1903,  329,  127. 
t  Ibid.  1911,  381,  85;  1915,  408,  163. 
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alcohol,  p-thujamenthol,  b.p.  2 1 6-5-2 1 7-5°,  d19° 0-8995,  n™°  1-4583, 
which  can  be  prepared  from  the  ketone  by  reduction  with  sodium 
and  alcohol.*  When  either  a-  or  /3-thujamenthones  are  oxidised 
with  chromic  acid,  a  ketonic  acid,  C10H18O3,  b.p.  150-170°/10  mm. 
(semicarbazone,  m.p.  174-175°),  is  obtained,  which  must  be 
represented  by  (XXXI),  since  it  gives  with  sodium  hypobromite 
a-methyl-p-isopropylglutaric  acid,  m.p.  137-138°  (XXXII).  An 
additional  product  of  the  oxidation  of  the  thujamenthones  is 
the  ketolactone,  C10H16O3,  m.p.  43°  (XXV),  identical  with  that 
formed  by  the  oxidation  of  ^othujone. 
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A  critical  consideration  of  these  experiments  leaves  no  doubt 
that  the  constitution  of  thujone  has  been  fully  established. 

Thujone  is  a  colourless  mobile  oil  with  a  somewhat  character- 
istic odour  resembling  that  of  menthol.  When  regenerated  from 
its  semicarbazone,  it  has  b.p.  201-202°/760  mm.,  d1^ v  0-9193, 
^15°  1.5401  anc[  shows  a  somewhat  high  molecular  exaltation 


*  For  an  analogous  case  compare  the  natural  and  synthetic  irones,  vol.  I,  p.  113. 
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(+  0-76).*  The  natural  ketones,  which  are  optically  active,  have 
been  designated  a-  and  j8-thujones,  the  former  being  laevo- 
rotatory  and  the  latter  dextrorotatory.  Owing  to  the  marked 
tendency  of  thujone  to  undergo  inversion,  and  to  the  fact  that 
it  contains  three  asymmetric  carbon  atoms,  it  is  doubtful  if 
optically  pure  forms  of  the  ketone  have  been  prepared.  Thus 
Paolinif  has  shown  that,  when  a-thujone  semicarbazone  is 
hydrolysed  with  phthalic  anhydride,  a  ketone  is  obtained  which 
is  dextrorotatory,  [a]D  +  10-23°;  whilst,  if  dilute  sulphuric  acid 
is  used  as  was  the  case  in  Wallach's  experiments,  the  ketone  is 
laevorotatory,  [a]D  —  10-23°.  This  difference  is  due  to  inversion, 
since  distillation  of  the  dextrorotatory  ketone  in  steam  causes 
a  change  in  sign.  The  conditions  governing  the  inversion  have 
not  been  closely  studied,  but  it  is  occasioned  both  by  acids  and 
alkalies.  J  The  highest  value  observed  for  the  rotatory  power  of 
d-(p) -thujone  is  apparently  that  quoted  by  Haller,§  [a]D  +  74-3° ; 
unfortunately  Paolini||  did  not  determine  the  rotatory  power 
of  the  ketone  prepared  by  the  oxidation  of  pure  c£-thujyl 
alcohol  ([a]D  +  114-67°),  the  semicarbazone  being  stated  to 
have  [a]D  +  220°.  A  further  stereochemical  investigation  of 
the  isomeric  thujones  should  yield  results  of  considerable 
interest.  The  calorific  value  of  thujone  has  been  determined  by 
Roth  and  Ostling,H  who  found  the  value  1431-9  Kg.  cals. 
identical  with  that  of  carone.** 

Thujone  can  be  characterised  most  conveniently  by  oxidation 
of  the  appropriate  fraction  of  the  oil  with  potassium  perman- 
ganate with  formation  of  «-thujaketonic  acid,  m.p.  75-76°. 

The  instability  of  the  c^c/opropane  ring  structure  in  thujone, 
referred  to  above,  in  considering  the  oxidation  products,  is 
shown  generally  in  all  its  reactions.  It  is  isomerised  to  carvotan- 
acetone  when  heated  to  200°  under  pressure, whilst  isomerisa- 
tion  to  isothujone  can  be  brought  about  by  many  reagents  in 
addition  to  sulphuric  acid.  Reference  will  be  made  later  to  some 

*  Ostling,  J.C.8.  1912,  101,  469.  f  Annali  Chim.  Appl.  1925,  15,  414. 

}  Wallach  and  Booker,  Annalen,  1904,  336,  267. 
§  Compt.  rend.  1905,  140,  627. 

||  Atti  R.  Accad.  Lincei,  1911  [v],  20,  I,  765.  If  Ber.  1913,  46,  313. 

**  The  enolic  form  of  thujone,  b.p.  84-86°/12  mm.,  d\f  0-9010,  n]^°  1-45401, 
has  been  prepared  by  Grignard  and  Blanchon.  (Bull.  Soc.  chim.  1931  [iv],  49,  23.) 
ft  Semmler,  Ber.  1894,  27,  895;  Harries,  ibid.  1901,  34,  1924. 
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of  these  reactions,  and  attention  need  only  be  directed  here  to 
the  formation  of  this  ketone  by  the  action  of  sodium*  and  by 
the  action  of  ammonium  hydrogen  sulphide,  f  It  is  also  of 
interest  to  note  that,  according  to  Treibs  and  Schmidt, }  thujone 
distils  practically  without  change  over  nickel  or  copper  at  280°, 
only  very  little  carvotanacetone  being  formed. 

Somewhat  divergent  results  on  the  hydrogenation  of  thujone 
appear  in  the  literature,  and  the  ketone  is  evidently  very  sensitive 
to  slight  changes  in  experimental  conditions  and  the  character  of 
the  catalyst.  It  was  found  by  Wallach§  that  thujone  could  not 
be  reduced  catalytically  at  the  ordinary  temperature,  but  using 
the  Sabatier-Senderens  method  with  a  nickel  catalyst  at  175- 
180°  Godchot||  obtained  a  mixture  of  isothujone  and  thuja- 
menthone.  Haller  and  Martine,H  who  used  somewhat  different 
conditions,  prepared  by  this  method  thujyl  alcohol.  With  a  pal- 
ladinised  asbestos  catalyst,  Zelinski  and  Kasansky**  succeeded 
in  carrying  the  reduction  further  and  obtained  1  :  2-dimethyl- 
3-isopropylcyclopentane.  On  reduction  with  sodium  and  alcoholft 
thujone  yields  thujyl  alcohol. 

The  oxidation  of  thujone  with  potassium  permanganate  has 
been  considered  already  (p.  33) ;  with  ferric  chloride,  ring  fission 
and  dehydrogenation  occur  with  formation  of  carvacrol.Jt 

The  action  of  bromine  on  thujone  was  studied  by  Wallach,§§ 
who  found  that,  in  light  petroleum  solution,  a  tribromide, 
C10H13OBr3 ,  m.p.  121-122°,  was  formed.  The  actual  constitution 
of  this  bromide  has  not  been  determined,  but  it  is  possibly  repre- 
sented by  (XXXIII),  since,  on  treatment  with  sodium  methylate, 
it  yields  an  aromatic  bromophenol,  m.p.  156-157°,  for  which  the 
constitution  (XXXIV)  has  been  suggested.  This  phenol  gives  an 
acetyl  derivative,  m.p.  64°,  and  a  methyl  ether,  m.p.  42-43°. 

According  to  Bruylants||||  iodine  converts  thujone  into 
p-cymene. 

Thujone  is  remarkably  stable  to  halogen  acids.  In  ethereal 
solution  no  action  occurs  in  the  cold,  but  aqueous  hydrochloric 
acid  and  other  mineral  acids  isomerise  it  to  isothujone,  some 

*  Schmidt,  Ber.  1929,  62,  106.  f  Agostinelli,  Oazzetta,  1905,  44,  n,  111. 

X  Ber.  1927,  60,  2338.  §  Annalen,  1911,  381,  86. 

||  Compt.  rend.  1914,  158,  1807;  1921,  172,  688;  1927,  185,  1807. 

IT  Ibid.  1905,  140,  1298.  **  Ber.  1927,  60,  1096;  1929,  62,  2205. 

ff  Semmler,  Ber.  1892,  25,  3344.  %%  Wallach,  Annalen,  1895,  286,  108. 

§§  Annalen,  1893,  275,  179;  1895,  286,  109.  ||||  Ber.  1878,  11,  451. 
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^-cymene  being  formed  simultaneously.  With  sodium  bisulphite 
the  ketone  gives  a  characteristic  sparingly  soluble  derivative, 
C10H16O,  NaHS03,  which  was  first  prepared  by  Bruylants*  and 
later  investigated  by  Semmler.f  Since,  by  treatment  with  alkali, 
the  ketone  can  be  regenerated,  it  is  very  suitable  for  its  isolation. 
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Whereas  d-thujone  (/3-thujone)  yields  a  crystalline  oxime, 
m.p.  54-55°,  b.p.  135-136°/20  mm.,  [a]D  +  105-1°  (in  methyl 
alcohol),J  Z-thujone  (a-thujone)  gives  a  liquid  oxime,  which  is 
laevorotatory,  [a]D  —  29-25°  (in  ether),  thus  providing  further 
evidence  that  the  two  ketones  are  not  optical  enantiomorphs, 
but  stereoisomerides  of  the  same  type  as  menthone  and  iso- 
menthone.  It  is  not  possible  to  regenerate  thujone  readily  from 
its  oxime,  although  hydrolysis  can  be  effected  with  concentrated 
sulphuric  acid,  but  the  yield  is  poor,  much  of  the  oxime  being 
converted  into  carvacrylamine.  The  same  change  occurs  if  the 
oxime  is  treated  with  zinc  chloride. §  On  reduction  with  sodium 
and  alcohol  the  crystalline  oxime  gives  thujylamine  (XXXV), 
b.p.  80-5°/14  mm.,  d20°  0-8743,  n™°  1-462,  [a]D  +  101°,  the  same 
base  being  obtained  by  treatment  of  the  ketone  with  ammonium 
formate. ||  The  amine  is  not  homogeneous,  but  a  mixture  of 
stereoisomerides,  whilst  that  prepared  by  the  latter  reaction  not 
improbably  contains  also  some  isothujylamine  (XXXVI). 

By  the  exhaustive  methylation  of  thujylamine  Tschugaev^l 
prepared  thujylammonium  iodide  (XXXVII),  [a]D  +  42-61°, 
which,  after  conversion  into  the  hydroxide  with  silver  oxide, 

*  Ber.  1878,  11,  451.  f  Ibid.  1892,  25,  3343. 

%  Semmler,  Ber.  1892,  25,  3344;  Wallach,  Annalen,  1904,  336,  267. 

§  Tiemann,  Ber.  1897,  30,  325;  Wallach,  Annalen,  1894,  279,  383;  1895,  286,  95. 

i|  Wallach,  Annalen,  1893,  272,  99,  109.  If  Ber.  1901,  34,  2276. 
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gave  on  distillation  a  mixture  of  a-  and  p-thujenes,  identical  with 
that  prepared  by  the  distillation  of  methyl  thujylxanthate 
(compare  p.  9).  A  hydrocarbon,  or  mixture  of  hydrocarbons, 
is  obtained  also  when  thujylamine  hydrochloride  is  distilled.  This 
hydrocarbon,  C10H16,  b.p.  172-175°,  d20°  0-840,  ra^  1-4761,  is 
probably  a  mixture  of  monocyclic  hydrocarbons,  but  these  have 
not  been  identified. 
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Like  the  parent  ketone  thujoneoxime,  either  the  crystaUine  or 
the  liquid  form,  is  isomerised  by  concentrated  sulphuric  acid  to 
isothujoneoxime  (XXXVIII),  m.p.  119-120°,  which  is  optically 
inactive.*  The  crystalline  oxime  is  converted  by  phosphorus 
pentachloride  into  thujoneisoxime,  m.p.  90°. f  The  constitution  of 
this  isoxime  has  not  been  definitely  established,  but,  if  the  cyclo- 
propane ring  has  not  been  isomerised,  it  is  probably  the  dicyclic 
imide  (XXXIX)  or  (XL).  On  reduction  with  sodium  and  alcohol 
it  gives  a  base,  C10H19N,  b.p.  193°,  which  can  be  characterised  by 
the  preparation  of  the  phenylur ethane,  m.p.  110°. 
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*  Wallach,  Annalen,  1895,  286,  103. 

t  Ibid.  1893,  277,  159;  1895,  286,  94;  1904,  336,  273. 
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Thujone  semicarbazone  was  first  prepared  by  Baeyer,*  who 
gave  the  melting-point  as  171-172°.  A  more  detailed  investiga- 
tion of  this  derivative  by  Wallachf  has  shown  d- thujone  thu- 
jone) semicarbazone  to  be  dimorphic,  crystallising  in  hexagons, 
m.p.  174-175°,  and  rhombohedra,  m.p.  170-172°,  the  latter 
modification  being  described  as  the  more  stable  form.  The  value 
observed  for  the  rotatory  power  varied  somewhat,  [a]D  +215-76° 
to  221-47°.  Z-Thujone  (a-thujone)  yields  both  a  crystalline  and 
an  amorphous  semicarbazone,  the  former  melting  at  186-188°, 
[a]D  +  59-5°,  whilst  the  latter,  which  was  also  dextrorotatory, 
melted  about  110°. 

Thujone  hydrazone  is  an  oil,  b.p.  128-129°/18  mm.,  which 
according  to  KishnerJ  on  reduction  with  sodium  and  alcohol 
gives  the  corresponding  hydrazine,  from  which,  by  the  action  of 
potassium  hydroxide  and  potassium  ferricyanide,  thujane  can  be 
prepared.  A  consideration  of  the  constants  of  the  hydrocarbon, 
b.p.  162-165°,  df0°o  0-8138,  n™°  1-4512,  [a]D  +  3-32°,  obtained  by 
Kishner  makes  it  very  doubtful  if  the  hydrocarbon  was  actually 
thujane.  It  would  appear  to  be  much  more  probable  that  it 
consisted  essentially  of  1  :  2-dimethyl-3-isopropylcyclopentane 
(compare  p.  6).  By  the  action  of  sodium  ethylate  on  the 
hydrazone,  Semmler  and  Feldstein§  prepared  a  hydrocarbon, 
b.p.  156-157°,  d^l  0-8158,  nD  1-44121,  which  undoubtedly  con- 
sisted of  thujane. 

Advantage  has  been  taken  of  the  presence  of  a  reactive  — CH2 
group  adjacent  to  the  carbonyl  group  to  prepare  from  thujone 
a  number  of  interesting  derivatives.  Haller|]  showed  that  the 
ketone  could  be  readily  alkylated  with  methyl  iodide  (and  other 
alkyl  iodides)  in  the  presence  of  sodamide  to  give  mono-,  di-  and 
tri-methyl  derivatives.  By  the  action  of  amyl  formate  in  the 
presence  of  sodium,  Wallach^I  prepared  the  hydroxymethylene 
derivative  (XLI),  m.p.  40°,  b.p.  115-118°/16  mm.,  whilst,  by  the 
condensation  of  the  ketone  with  benzaldehyde  in  the  presence 
of  sodium  ethylate,  Semmler**  obtained  benzylidenethujone 
(XLII),  b.p.  176-178°/12  mm.,  [a\D  -  590-8°  (in  alcohol),  which 

*  Ber.  1894,  27,  1923.  f  Annalen,  1904,  336,  253. 

%  J.  Russ.  Phys.  Chem.  Soc.  1910,  42,  1198.  §  Ber.  1914,  47,  387. 

||  Compt.  rend.  1905,  140,  1626;  1913,  157,  965. 
If  Ber.  1895,  28,  33. 
**  Ibid.  1903,  36,  4367;  compare  Haller,  Compt.  rend.  1905,  140,  1626. 
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on  oxidation  yields  1-homotJmjadicarboxylic  acid  (XLIII),  m.p. 
147°. 
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According  to  Cornubert  and  Borrel,*  if  thujone  is  condensed 
with  benzaldehyde  in  the  presence  of  hydrogen  chloride,  in 
addition  to  benzylidene thujone,  a  "tetrahydropyrone"  deriva- 
tive, C24H2602,  m.p.  115-115-5°,  is  also  formed.  The  constitution 
of  this  substance  would  not  appear  to  have  been  determined. 
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By  the  condensation  of  d-thujone  with  ethyl  bromoacetate  in 
the  presence  of  zinc,  Hugh  and  Kon*  prepared  the  hydroxy  ester 
(XLIV)  from  which  the  unsaturated  acid  (XLV)  was  obtained 
by  hydrolysis  and  loss  of  water.  Attempts  to  convert  this  into 
the  isomeric  acid  (XLVI)  were  not  successful,  ring  fission  occur- 
ring with  formation  of  the  cjclohexadiene  acid  (XLVII). 

The  unsaturated  acid  can  be  converted  through  its  acid 
chloride  into  the  ketone  (XLVIII),  which  can  exist  also  in  the 
tautomeric  form  (XLIX),  since  it  can  be  methylated. 

The  action  of  the  Grignard  reagent  on  thujone  was  investigated 
by  Thomson|,  who  prepared  a  number  of  derivatives  of  thujyl 
alcohol. 


UMBELL  ULONE 
CH3 


H3C  OH? 


The  presence  of  an  oxygenated  body  boiling  at  about  210°  in  the 
essential  oil  derived  from  the  leaves  of  Umbellularia  Calif omica 
Nuttal  was  first  observed  by  Heaney,  %  who  gave  to  it  the  name 
oreodanthol,  whilst  some  years  later  Stillman§  separated  from 
this  oil  a  fraction,  b.p.  215-216°,  which  he  designated  umbellulol 
and  which  he  considered  to  have  the  empirical  formula,  C8H120. 
The  subsequent  investigation  of  Power  and  Lees||  showed  this 
fraction  to  be  a  mixture,  the  main  constituent  being  a  ketone, 
umbellulone,  C10H14O.  We  owe  the  determination  of  the  consti- 
tution of  this  substance  to  the  investigations  of  these  authors, 
and  to  Tutin  and  Semmler. 

*  J.C.S.  1927,  p.  2594.  f  Ibid.  1910,  97,  1502. 

$  Amer.  J.  Pharm.  1875,  47,  105;  Pharm.  J.  1875  [iii],  5,  791. 
§  Ber;  1880,  13,  629;  Amer.  Chem.  J.  1880,  2,  38. 
||  J.C.S.  1904,  85,  629. 
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Power  and  Lees  recognised  that  umbellulone  was  probably  an 
unsaturated  dicyclic  ketone,  in  which  the  ethylenic  linkage  was 
in  the  a  :  ^-position  to  the  carbonyl  group,  since,  on  treatment 
with  semicarbazide  acetate,  it  gave  a  semicarbazido-semicarba- 
zone  and  with  hydroxylamine  a  hydroxylamino-oxime,  the 
formation  of  derivatives  of  this  type  being  characteristic  of 
a  :  ^-unsaturated  ketones.*  Further  light  on  the  constitution  of 
the  ketone  was  furnished  by  a  study  of  the  products  formed  on 
its  oxidation  with  potassium  permanganate,  which  were  examined 
by  Leesf  and  by  Tutin.  J  The  main  product  of  the  oxidation  is 
a  ketonic  acid,  umbellulonic  acid,  C9H1403,  m.p.  102°,  b.p.  193- 
195°/50  mm.,  [a]D  +  377-6°  (in  chloroform),  which  can  be  charac- 
terised by  the  preparation  of  the  oxime,  m.p.  169-170°.  When 
umbellulonic  acid  is  distilled,  either  at  the  ordinary  pressure  or 
under  diminished  pressure,  loss  of  water  occurs  and  an  unsatu- 
rated lactone,  C9H1202>  b.p.  218-221°,  d20°  1-10197,  [a]D  -  210-58°, 
is  formed,  from  which  umbellulonic  acid  can  be  regenerated  by 
treatment  with  alkali.  Oxidation  of  the  unsaturated  lactone 
with  potassium  permanganate  gives  a  saturated  dibasic  acid, 
umbellularic  acid,  C8H1204,  m.p.  120-121°,  [a]D  -  89-7°  (in 
chloroform).  This  acid,  which  readily  yields  an  anhydride,  b.p. 
167-169°/50  mm.,  is  extremely  stable  and  is  not  attacked  by 
concentrated  hydrochloric  acid  at  190°. 

A  consideration  of  these  results  led  Tutin  to  suggest,  that 
umbellulone  was  an  unsaturated  dicyclic  ketone  containing 
either  a  dimethyl  c?/dobutane  ring  as  in  (I)  or  a  methyl  cyclo- 
pentane  ring  (II).  It  was  improbable  that  (I)  could  be  correct  as 
in  this  case  umbellularic  acid  should  be  identical  with  norpinic 
acid  (V),  oxidation  proceeding  in  accordance  with  the  scheme 
given  below,  the  ketonic  acid  and  lactone  having  formulae  (III) 
and  (IV)  respectively. 

Umbellularic  acid,  however,  differed  completely  in  its  pro- 
perties from  norpinic  acid,  and  Tutin  concluded,  therefore,  that 
umbellulone  contained  a  q/cZopentane  ring  and  assigned  formulae 
(VI),  (VII)  and  (VIII)  to  the  ketonic  acid,  lactone  and  dibasic 
acid.  The  great  stability  of  umbellularic  acid  led  Tutin  to  regard 
the  presence  of  a  ci/cfopropane  ring  as  unlikely. 


*  Harries,  Ber.  1897,  30,  230;  Rupe  and  Schlochoff,  ibid.  1903,  36,  4377. 
f  J.C.S.  1904,  83,  645.  t  Ibid.  1906,  89,  1104. 
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The  investigation  of  the  constitution  of  umbellulone  was  con- 
tinued by  Semmler.*  It  had  been  observed  by  Tutinj"  that  when 
the  ketone  was  reduced  with  sodium  and  alcohol  a  saturated 
secondary  alcohol,  p-dihydroumbellulol,  C10H18O,  was  formed. 
Although  Tutin  did  not  succeed  in  purifying  this  alcohol,  he 
showed  that,  on  oxidation  with  chromic  acid,  it  gave  a  ketone, 
p-dihydroumbellulone,  C10H16O .  This  ketone  was  found  by  Semmler 
to  have  a  — CH2  group  adjacent  to  the  carbonyl  group,  since  it 
gave  a  hydroxymethylene  derivative,  whilst  by  the  action  of 
benzaldehyde  a  benzylidene  derivative  was  prepared.  When  this 
latter  derivative  was  oxidised  with  potassium  permanganate,  it 
gave  a  mixture  of  benzoic  acid  and  d-homothujadicarboxylic  acid, 
m.p.  147°  (XII),  the  optical  enantiomorph  of  the  acid  prepared 
from  benzylidene thuj one  (see  p.  44).  The  formation  of  this  acid 
can  only  be  explained  if  umbellulone  has  formula  (IX),  when 


*  Ber.  1907,  40,  5019;  1908,  41,  3988. 


f  Loc.  cit.  p.  1118. 
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^dihydroumbellulone  would  be  (X)  and  benzylidene-/^dihydro- 
umbellulone  (XI). 
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It  then  follows  that  umbellularic  acid  must  be  the  ci/cZopropane 
acid  (XIII),  the  lactone  (XIV)  and  umbellulonic  acid  (XV).  The 
facility  with  which  umbellularic  acid  can  be  converted  into  a 
lactone  is  now  readily  explained,  since  it  may  be  regarded  as  a 
substituted  laevulic  acid.  Attention  may  be  directed  here  to  the 
observation  of  Tutin,*  that  on  reduction  with  sodium  and  alcohol 
umbellularic  acid  yields  a  substituted  hydroxy-acid,  which 
readily  gives  a  lactone,  b.p.  246-248°.  This  lactone  must  have 
formula  (XVI),  since  on  oxidation  with  potassium  permanganate 
it  gives  ^opropylsuccinic  acid  and  acetic  acid.  The  tendency  for 
cyclopropane  derivatives  to  undergo  ring  fission  on  treatment 
with  reducing  agents  has  been  frequently  observed. f  Although 
the  constitutions  assigned  to  these  various  acids  have  not  been 


*  Proc.  C.S.  1907,  23,  28. 

f  Compare  Menon  and  Simonsen,  J.C.S.  1929,  p.  303,  where  other  references  to 
the  literature  are  given. 
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confirmed  synthetically  and  have  been  criticised  by  Tutin,* 
there  can  be  no  doubt  that  they  are  correct. 

Umbellulone  is  a  colourless  oil  with  a  somewhat  mint-like 
odour,  which  is  at  the  same  time  peculiarly  pungent.  The  ketone, 
regenerated  from  the  semicarbazido-semicarbazone,  has  b.p. 
92-5-93°/10  mm.,  d20°  0-950,  n™°  1-48325,  [a]D  -  36-30°;  it  will 
be  observed  that  it  shows  a  very  marked  molecular  exaltation 
(+  1-4)  due  to  the  conjugation  of  the  cyclopropane  ring  and  the 
ethenoid  linkage. 

The  ketone  can  be  characterised  by  the  preparation  of  the 
semicarbazido-semicarbazone,  decomposing  at  217°,  or  by  oxida- 
tion to  umbellularic  acid.  It  can  be  readily  isolated  by  taking 
advantage  of  the  facility  with  which  it  combines  with  sodium 
sulphite  in  neutral  solution,  yielding  a  compound  from  which  it 
can  be  regenerated  by  alkali. | 

As  has  been  mentioned,  Tutin  found  that,  on  reduction  with 
sodium  and  alcohol,  umbellulone  gave  an  alcohol  p-dihydro- 
umbellulol,  but  this  was  first  obtained  pure  by  Semmler,J  who 
observed  the  constants,  b.p.  88-92°/10  mm.,  d20°  0-927,  n™°  1-4696, 
[a]D  —  27-45°.  ft-Dihydroumbellulone,  prepared  from  the  alcohol 
by  oxidation  with  chromic  acid,  has  b.p.  84-86°/10  mm., 
d20°  0-925,  n™°  1-4616,  [a]D  -  30°,  semicarbazone,  m.p.  150° 
(Semmler),  155-156°  (Tutin).  Hydroxymethylene-fi-dihydroum- 
bellulone  is  an  oil,  b.p.  105-107°/10  mm.,  d20°  1-001,  n™°  1-49097, 
whilst  benzylidene-p-dihydroumbellulone  is  a  solid,  m.p.  81-82°, 
b.p.  185-188°/9  mm.,  d20°  1-030,  n™°  1-574.  Recently  Wienhaus 
and  Todenhof er  §  have  found  that  /3-dihydroumbellulone  can  be 
conveniently  prepared  by  the  catalytic  hydrogenation  of  um- 
bellulone using  a  nickel  catalyst.  The  ketone,  so  obtained,  b.p. 
67°/4  mm.,  d20°  0-9275,  n™°  1-46052,  [a]D  -  55-40°,  was  evidently 
somewhat  purer  than  that  described  by  Semmler  and  Tutin.  The 
semicarbazone  was  found  to  melt  at  158-159°  and  the  oxime  at 
72°.  On  reduction  with  sodium  and  alcohol  the  ketone  prepared 
in  this  manner  gave  a  crystalline  p-dihydroumbellulol,  m.p.  55- 
56°,  [a]D  —  68-15°  (in  alcohol).   It  is  possible  that  this  is  a 

*  J.G.S.  1908,  93,  252. 

t  Wienhaus  and  Todenhofer,  SchimmeVs  Report,  1929,  p.  283. 

t  Ber.  1908,  41,  398a  §  SchimmeVs  Report,  1929,  p.  285. 


S  T  II 


4 


50  THUJANE  AND  ITS  DERIVATIVES  pt.  i 

stereoisomeride  of  the  alcohol  prepared  by  the  direct  reduction 
of  umbellulone. 

The  products  obtained  by  the  oxidation  of  umbellulone  with 
potassium  permanganate  have  already  been  discussed  and  the 
action  of  other  oxidising  agents  does  not  appear  to  have  been 
investigated. 

When  umbellulone  is  treated  in  chloroform  solution  with 
bromine  it  yields  a  liquid  dibromide*  which  is  somewhat  unstable 
and  gives  off  hydrogen  bromide  slowly  at  the  ordinary  tempera- 
ture. If  the  dibromide  is  distilled  under  diminished  pressure  it 
undergoes  profound  decomposition;  the  nature  of  the  products 
which  are  formed  in  this  decomposition  have  been  investigated 
by  Lees  and  Tutin  and,  although  the  latter  has  suggested  con- 
stitutional formulae  for  them,  these  are  undoubtedly  incorrect 
and  a  renewed  study  is  desirable.  The  distillate  can  be  separated 
into  three  fractions :  (i)  a  hydrocarbon,  C10H14 ,  which  was  identified 
as  p-cymene,  (ii)  a  bromoketone,  C10H14OBr,  and  (hi)  a  dibromo- 
dihydroumbellulone,  C10H14OBr2.  The  bromoketone,  b.p.  140- 
150°/20  mm.,  is  apparently  unsaturated,  since  it  reacts  readily 
with  bromine  in  chloroform  solution,  although  it  does  not  react 
with  hydrogen  bromide.  If  the  assumption  be  made  that  the 
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removal  of  hydrogen  bromide  from  the  dibromide  (XVII)  pro- 
ceeds without  any  molecular  rearrangement,  the  bromoketone 
can  be  most  simply  represented  by  (XVIII).  There  can  be  no 
doubt,  however,  that  this  formula  is  incorrect  since,  when  the 
bromoketone  is  reduced  with  zinc  dust,  it  gives  a  ketone. 
a-dihydroumbellulone,  b.p.  214-217°,  semicarbazone,  m.p.  171°, 


*  Lees,  J.C.8.  1904,  85,  641;  Tutin,  ibid.  1906,  89,  1117. 
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which  is  not  identical  with  /3-dihydrounibellulone  (XIX),  the 
formation  of  which  would  be  anticipated  if  the  suggested  formula 
was  correct.  In  the  absence  of  any  detailed  description  of  the 
reactions  of  the  bromoketone  and  of  a-dihydroumbellulone,  it  is 
not  possible  to  assign  formulae,  but  it  seems  not  improbable  that 
each  possesses  a  monocyclic  structure. 

Dibromodihydroumbellulone  is  a  crystalline  substance,  m.p. 
119-119-5°,  and  it  is  dextrorotatory  in  chloroform  solution, 
[a]D  -f  6-4°.  It  cannot  be  further  brominated  nor  does  it  react 
with  hydroxylamine ;  on  reduction  with  zinc  dust  in  acetic  acid 
solution  one  bromine  atom  is  replaced  by  hydrogen  with  forma- 
tion of  bromodihydroumbellulone,  C10H15OBr,  m.p.  58-59°, 
[a]D  —  70-1°  (in  chloroform).  In  its  general  properties  the  mono- 
bromide  resembles  the  dibromide  and  it  does  not  react  with  either 
bromine  or  hydroxylamine.  By  further  reduction  with  sodium 
in  alcoholic  solution  an  alcohol,  tetrahydroumbellulol,  C10H20O, 
b.p.  20 7-20 8°/ 7 60  mm.,  is  obtained,  which  gives  on  oxidation 
the  ketone,  tetrahydroumbellulone,  C10H18O,  b.p.  197-198°.  It  is 
doubtful  if  this  ketone  is  homogeneous,  since  it  yields  a  semi- 
carbazone  separable  into  two  fractions,  m.p.  171°  and  150°, 
although  it  has  not  been  determined  whether  these  are  structural 
or  stereo -isomerides.  Recently  Wienhaus  and  Todenhofer*  have 
found  that  when  /?-dihydroumbellulone  is  reduced  with  sodium 
in  toluene  solution  an  alcohol,  C10H20O,  b.p.  80°/5  mm.,  d20°  0-902, 
n2J}°  1-4052,  aD  —  38-17°,  is  obtained,  which  gives  on  oxidation 
a  ketone,  b.p.  73°/7  mm.,  d20°  0-902,  n™°  1-45182,  aD  -  62-24°, 
semicarbazone,  m.p.  177-178°.  This  ketone,  like  tetrahydro- 
umbellulone, must  be  monocyclic  and  it  is  not  improbable  that 
they  are  identical.  From  analogy  it  seems  possible  that  tetra- 
hydroumbellulone and  tetrahydroumbellulol  are  c^/dopentane 
derivatives  similar  to  thujamenthone  and  thujamenthol  (p.  37), 
in  which  case  the  ketone  may  be  represented  by  formula  (XX), 
tetrahydroumbellulol  being  the  corresponding  secondary  alcohol. 
The  nomenclature  adopted  for  these  substances  would  appear  to 
require  revision. 

With  semicarbazide  umbellulone  yields  a  semicarbazido- semi- 
carbazone, m.p.  217°,f  from  which  the  ketone  can  be  regenerated 

*  SchimmeV s  Report,  1928,  p.  285. 
t  J.C.S.  1904,  85,  636. 
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by  hydrolysis  with  mineral  acids.  The  normal  semicarbazone  was 
prepared  by  Semmler*  and  melts  at  240-243°.  The  hydroxyl- 
amino-oxime  was  described  by  Power  and  Lees  as  a  resin,  which 
according  to  Tutinf  gives  on  reduction  with  sodium  and  alcohol 
a  diamine,  b.p.  136-1 38°/50  mm.  This  diamine,  which  was 
characterised  by  the  preparation  of  a  dibenzyl  derivative,  m.p. 
194°  and  a  dibenzoate,  m.p.  212-213°,  has  either  the  composition 
C10H20N2  or  C10H22N2.  It  is  probable  that  the  reduction  of  the 
hydroxylamino-oxime  (XXI)  is  accompanied  by  ring  fission,  so 
that  the  diamine  has  either  formula  (XXII)  or  (XXIII).  As  the 
base  prepared  by  Tutin  was  a  mixture,  it  is  possible  that  the 
reduction  proceeds  simultaneously  in  both  directions. 
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(XXIII)  (XXI)  (XXII) 

*  Ber.  1908,  41,  3988.  t  Proc.  C.S.  1907,  23,  29. 
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A.  HYDROCARBONS 
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The  saturated  dicyclic  hydrocarbon,  carane,  C10H18 ,  has  not  been 
found  to  occur  in  nature.  The  laevorotatory  hydrocarbon  (I)  was 
obtained  by  Kishner  and  Zavadovsky*  by  the  distillation  of 
pulegonehydrazone  (II)  with  potassium  hydroxide,  whilst  the 
dextrorotatory  isomeride  was  prepared  in  a  similar  manner  from 
l-caronehydrazone  (IH).t 

CH3  CH3  CH3 

CH  CH  CH 

X\            KOH  /\  NaOC2H5  /\ 

H2C     CH,   *  HjC     CH2  <   HoC     C :  N.NH, 

II  II  KOH  I  I 

HjC     C:N.NH2  H^C     CH  H,C  CH 

Y  YhVh»  YhYch" 

^  \CH3  \CH3 

H3C  CH3 

(II)  (I)  (III) 

Later  Semmler  and  FeldsteinJ  also  obtained  the  hydrocarbon 
from  this  derivative  by  the  action  of  sodium  ethylate  at  140- 
160°.  Recently  Kretinski  and  Ssolodki  §  have  prepared  it  by  the 
hydrogenation  of  d-A3-carene  in  the  presence  of  platinum  black. 


*  J.  Buss.  Phys.  Chem.  Soc.  1911,  43,  1132.       t  Kishner,  ibid.  1554. 

t  Ber.  1914,  47,  387.  §  J.  pr.  Chem.  1930  [ii],  126,  14. 


54  CARANE  AND  ITS  DERIVATIVES  pt.  i 

The  hydrocarbon  obtained  would  appear  from  its  physical  con- 
stants to  have  been  somewhat  impure. 

Carane  is  a  colourless  mobile  oil,  which  according  to  Kishner 
has  the  following  constants:  b.p.  169-5°/759  mm.,  d™°  0-8411, 
n™°  1-4567,  [a]D  +  57-64°,  -  47-06°.  It  is  improbable  that 
either  specimen  was  optically  pure.  Semmler  and  Feldstein 
found  somewhat  different  values,  b.p.  49-50°/9  mm.,  165- 
166°/750  mm.,  df°0  0-8381,  nD  1-45823,  [a]D  -  34°;  the  latter 
boiling-point  would  appear  to  be  somewhat  low. 

Owing  to  the  difficulties  involved  in  its  preparation  the 
reactions  of  carane  have  been  little  studied.  According  to 
Kishner  and  Zavadovsky,  when  hydrogenated  by  the  Sabatier- 
Senderens  process  it  yields  solely  m-menthane  and  no  p- 
menthane.  This  result  is,  however,  at  direct  variance  with  the 
observation  of  Zelinski  and  Lewina,*  who  have  found  that,  when 
the  hydrocarbon  is  distilled  in  a  current  of  hydrogen  over  palla- 
dinised  charcoal  at  160°,  only  p-menthane  is  formed.  Whilst  the 
difference  in  experimental  conditions  employed  may  account  for 
these  divergent  results,  it  seems  not  improbable  that  in  both 
cases  the  reduction  product  consisted  of  a  mixture  of  m-  and 
_p-isomerides.  Carane  is  readily  dehydrogenated  by  distillation 
in  a  current  of  carbon  dioxide  over  heated  platinised-charcoal. 

CHo  CHq  CHq 

I  I  I 

/\  J\  J\ 

H2C     CH2  BLC     CH2  H2C  CEL, 

I      I       >2I2  "I      I  /CH3  I      I    "  CH3 

H2C     CH.Cf  H.C     CH.CBr<  ELC     C :  C< 

\y      \ch3  \y       \ch3        \/  \ch3 

CH2  CH2  CH2 

(VII)  (IV)  (V)  I 

CEL 


in 


C    CO  +  oc< 


(VI) 


*  Annalen,  1929,  476,  60. 
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By  the  action  of  hydrogen  bromide  on  d-carane,  Kishner  and 
Zavadovsky  obtained  by  ring  fission  a  monohydrobromide, 
which  they  consider  to  be  %-bromo-m-menihane  (IV),  b.p.  123- 
124°/29  mm.,  since,  by  the  action  of  quinoline,  a  hydrocarbon 
or  mixture  of  hydrocarbons  was  obtained,  one  of  which  must 
have  been  A3:8-m-menthene  (V),  as  on  oxidation  with  potassium 
permanganate  it  gave  acetone  and  methyl-cyelohexan-3-one  (VI). 
The  isomeric  hydrocarbon  (VII)  was  probably  also  present 
in  the  original  reaction  mixture.  It  would  appear  somewhat 
remarkable,  in  view  of  the  action  of  hydrogen  chloride  on 
A3-  and  A4-carenes  (see  pp.  57,  66),  that  carane  should  only 
yield  m-menthane  derivatives  when  treated  with  hydrogen 
bromide. 

Derivatives  of  m-menthane  were  also  prepared  by  Kishner 
and  Zavadovsky  by  the  action  of  bromine  on  (Z-carane,  when  a 
dibromide  ([cc]D  +  22-58°)  was  obtained,  which  they  regard  as 
having  the  constitution  (VIII),  since,  when  it  was  heated  with 
quinoline,  it  gave  a  m-menthadiene,  b.p.  180-183°,  d^f  0-8471, 
n2p°  1-4890.  For  this  m-menthadiene,  which  resinifies  when 
distilled  over  sodium,  Kishner  suggests  either  formula  (IX)  or 
(X).  Rigid  proof  has  not  been  obtained  of  either  of  these  struc- 
tures and  there  does  not  appear  to  be  any  evidence  that  the 
dibromide  was  homogeneous  and  free  from  isomeric  p-menthane 
derivatives. 

CH3  CH3  CH3 


KjC     CH— CBr 


CH 


H^C  CH2 


CH 


CH 
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&-CARENE 

CH3 

<>HC  CH2 

I  I 
✓R^C  CH 

^vcHs 

\CH3 

The  presence  of  sylvestrene  in  the  essential  oil  derived  from  the 
oleo-resin  of  Finns  longifolia  was  reported  by  a  number  of 
investigators,*  but  Robinson  f  suggested  that  the  main  hydro- 
carbon constituent  of  this  oil  was  not  sylvestrene,  but  an  isomeric 
terpene  which  gave  sylvestrene  dihydrochloride  when  treated 
with  hydrogen  chloride.  The  investigations  of  Simonsen  and  his 
collaborators!  have  shown  Robinson's  suggestion  to  be  correct, 
the  oil  from  P.  longifolia  does  not  contain  ^-sylvestrene,  but 
a  dicyclic  hydrocarbon,  d-A3-carene,  which,  when  treated  with 
hydrogen  chloride,  gives  a  mixture  of  d-sylvestrene  dihydro- 
chloride and  dipentene  dihydrochloride.  (Z-A3-Carene  has  since 
been  shown  to  occur  fairly  frequently  in  nature  and  has  been 
found  in  Swedish  oil  of  turpentine,  §  in  various  German  pine 
needle  oils,  ||  in  Finnish  oil  of  turpentine  U  and  in  the  oil  from 
P.  Merkusii**  whilst  Z-A3-carene  was  separated  by  Panicker, 
Rao  and  Simonsenff  from  the  oil  present  in  the  rhizomes  of 
Kaempferia  galanga  and  by  Kretinski,  Liverovski  and 
MalmbergtJ  from  a  P.  sylvestris  oil. 

The  constitution  of  A3-carene  has  been  deduced  from  a  study 
of  the  products  formed  on  oxidation  with  potassium  perman- 
ganate and  ozone  and  by  its  reaction  with  hydrogen  chloride. 
When  the  hydrocarbon  is  oxidised  with  potassium  permanganate 
in  acetone-  solution  in  addition  to  neutral  products,  to  which 

*  Rabak,  Pharm.  Rev.  1905,  23,  229;  SchimmeVs  Report,  1906,  April,  p.  66;  1911, 
Oct.  p.  93;  Bull.  Imp.  Inst.  1911,  9,  8.  f  Proc.  C.S.  1911,  27,  247. 

t  J. C.S.  1920,  117,  570;  1923,  123,  549;  1928,  p.  359;  1929,  p.  305. 

§  Rao  and  Simonsen,  J. C.S.  1925,  127,  2494;  compare  Wienhaus  and  Schmidt, 
SchimmeVs  Report,  1928,  p.  101. 

||  Semmler  and  v.  Schiller,  Ber.  1927,  60,  1591. 

IF  Aschan,  Annalen,  1928,  461,  1. 

**  Simonsen,  Ind.  For.  Rec.  1923,  10,  56.     ft  J-  Ind.  Inst.  Sci.  1926,  9a,  137. 
tt  J-  W'  Chem.  1931  [ii],  129,  97. 
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reference  will  be  made  later,  a  complex  mixture  of  acids  is 
obtained  which  can  be  separated  by  fractionation  of  the  ethyl 
esters  into  (i)  dimethylmalonic  acid,  (ii)  SiS-dimethylsuccinic  acid, 
(hi)  cis-  and  trans-caro?wc  acids,  (iv)  a  dibasic  acid,  C8H1204, 
m.p.  136-137°,  and  (v)  two  laevorotatory  hydroxy -dibasic  acids, 
C10H16O5,  m.p.  133°  and  192°  respectively. 

Whilst  the  separation  of  dimethylmalonic  acid  and  as- 
dimethylsuccinic  acid  showed  the  presence  of  the  grouping 

>C\       in  the  hydrocarbon,  the  isolation  of  the  caronic 

H3(X     \C—  J 

acids  (IV),  which  had  been  synthesised  by  Perkin  and  Thorpe,* 
proved  that  the  terpene  must  contain  a  cyclopropane  ring  in 
addition  to  the  cycZohexane  ring,  the  presence  of  which  was  shown 
by  the  formation  of  sylvestrene  and  dipentene  dihydrochlorides 
(V)  and  (VI)  by  the  action  of  hydrogen  chloride.  These  results 
can  be  explained  most  simply  by  assigning  to  the  hydrocarbon 
either  of  the  three  formulae  (I),  (II)  or  (III),  since  degradation 
of  each  of  these  would  give  caronic  acid,  whilst  addition  of 
hydrogen  chloride  to  the  ethylenic  linkage,  followed  by  fission 
of  the  cyclopropane  ring,  which  can  occur  in  two  directions, 
would  furnish  the  two  hydrochlorides. 

CHg  CH(j  CH, 

A  A  h 


HC     CH2  KjC     CH  H2C  CH2 

HjC    CH  H2C    CH  ai  Ah 

YhVh-  ^vHs  ^VHs 

\CH3  \CH3  \CH, 

(I)  (II)  (III) 


CH3  CH3 

I  I 
C.C1  C.C1 


H02C     CH  H,C     CH— C.C1 


H2C     CH2       CH3  HoC  CH2 

\        /  'II 


CH>  CHo  CH 

1 

C.Cl 


\CH3 

H3C  CH 

(IV)  (V)  (VI) 

*  J.C.S.  1899,  75,  48. 
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Whilst  it  is  clearly  difficult  to  distinguish  between  the  two 
hydrocarbons  (I)  and  (II),  the  formation  of  the  two  hydroxy  - 
acids  mentioned  above  appears  to  indicate  conclusively  that 
(II)  and  (III)*  cannot  be  correct.  These  two  acids,  a-l-a-hydroxy- 
3-carboxy-a-l  :  l-trimethylcyc\opropane-2-propionic  acid,  m.p. 
132-133°,  [a]D  -  8-7°  (in  chloroform)  and  fi-l-a-hydroxy-S- 
carboxy-a-l  :  l-trimethylcyc\opropane-2-propionic  acid,  m.p.  192°, 
[a]D  —  24-36°  (in  chloroform),  were  found  to  be  stereoisomeric 
a-hydroxy  acids,  since,  although  they  were  both  quite  stable  to 
potassium  permanganate  in  alkaline  solution,  they  were  oxidised 
by  this  reagent  in  acid  solution  to  isomeric  ketonic  acids.  Both 
these  acids  were  oils,  but  they  could  be  characterised  readily  by 
the  preparation  of  the  crystalline  semicarbazones ;  that  derived 
from  the  a-acid,  cis-1  :  \-dimethyl-2-fi-ketopropylcyc\opropane-2- 
carboxylic  acid,  yielding  a  semicarbazone,  m.p.  179-180°,  which 
was  optically  inactive,  whilst  from  the  ^S-acid,  Z-trans-1  :  1- 
dimeihyl-2- p-ketopropylcyc\opropane-2-carboxylic  acid,  semicar- 
bazone, m.p.  209°,  [a]D  —  70-98°  (in  acetic  acid),  was  obtained. 
The  two  hydroxy  acids  must  therefore  be  represented  by  (VII) 
being  formed  from  the  hydrocarbons  in  accordance  with  the 
following  scheme,  which  is  analogous  to  the  oxidation  of 

CH3                      CH3  CH3  CH3 

C                          C.OH  C.OH  C.OH 

HC^Cttj  HOHC^CKj  OC^CH,  HO.C^CK, 

H,C     CH  *"    H2C     CH  *"  H2C     CH  *    HC  CH 

^vCHs  ^V'  '^VH3  ^VHs 

\CH,  \CH,  \CH,     /  XCH3 


(I) 


CH3  CH3  CH3 

CO  C.OH  /  C 


CH2  CH,  H02C     CHa  H02C  ^  C 


h 

.  )  I 

HO,C     CH  H02C     CH  H02C     CH  OC  CH 

^VHs   ^-<CHs   ^-<CHs  ^VHs 

\CH3  \CH3  \CH3  XCH3 

(X)  (IX)  (VII)  (VIII) 

*  According  to  Joffre  (Bull.  Inst.  Pin.  1931,  p.  79)  a  hydrocarbon  having  this 
constitution  occurs  mixed  with  (Z-A3-carene  in  the  oil  from  P.  longifolia.  The 
quantity  present  is,  however,  very  small. 
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a-terpinene  to  aS-dihydroxy-a-methyl-S-^opropyladipic  acid* 
(see  Vol.  i,  p.  150). 

The  hydroxy-acids  are  probably  cis -trans -isomerides,  the  lower 
melting  form  being  the  c^-modification,  since  when  heated  with 
acetyl  chloride  it  yields  a  lactone  (VIII),  m.p.  174-175°,  partial 
conversion  into  the  £r<ms-modification  occurring  simultaneously. 
It  follows,  then,  that  the  two  ketonic  acids  are  the  cis-  and  trans- 
forms of  the  acid  (IX).  Oxidation  of  the  cis-acid  with  sodium 
hypobromite  gave  a  dibasic  acid,  which  is  probably  cis-homo- 
caronic  acid  (X),  m.p.  136-137°,  identical  with  the  dibasic  acid, 
to  which  reference  was  made  above  (p.  57),  as  having  been 
separated  from  the  primary  products  of  the  permanganate 
oxidation.  Although  cis-homocaronic  acid  is  not  acted  upon  by 
bromine  in  chloroform  solution,  it  is  somewhat  readily  attacked 
by  potassium  permanganate  in  alkaline  solution,  and  its  con- 
stitution cannot  therefore  be  regarded  as  fully  established. f 

Further  evidence  in  support  of  the  view  that  formula  (I)  cor- 
rectly represents  the  constitution  of  the  hydrocarbon  obtained 
from  P.  longifolia  was  furnished  by  its  oxidation  with  ozone.  J 
With  this  reagent  the  oxidation  proceeds  normally  and  on 
decomposition  of  the  ozonide  a  ketonic  aldehyde,  C10H16O2  (XI), 
b.p.  125-130°/12  mm.,  disemicarbazone,m.ip.  198-199°  (decomp.), 
was  obtained.  Oxidation  of  the  aldehyde  with  either  potassium 
permanganate  or  silver  oxide  gave  the  ketonic  acid,  C10H16O3 
(XII),  b.p.  175-182°/12  mm.,  semicarbazone,  m.p.  182-183°, 
which  on  oxidation  with  sodium  hypobromite  gives  the  dibasic 
acid,  C9H1404  (XIII),  m.p.  112-113°,  and  with  potassium  per- 
manganate ci's-caronic  acid. 

CH3  CH3  CH3 
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/\ 
HC  CH2 


CO 

OHC  \n2 


H02C     CH2  H02C  CH2 

I      |      NaOBr       |  | 
H2C     CH   ►     H2C  CH 
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(XI) 
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(XIII) 


*  Wallach,  Annalen,  1907,  360,  206;  1908,  362,  263. 

t  Compare  Hariharan,  Menon  and  Simonsen,  J.C.S.  1928,  p.  431. 

%  Semmler  and  v.  Schiller,  Ber.  1927,  60,  1591. 
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Although  direct  synthetic  evidence  of  the  constitution  of 
A3-carene  and  of  its  degradation  products,  with  the  exception  of 
the  caronic  acids,  is  not  available,  there  would  appear  to  be  no 
doubt  that  it  is  correctly  represented  by  formula  (I). 

A3-Carene  is  a  colourless  mobile  oil  with  a  curious  sweet  and 
penetrating  odour.  Simonsen  observed  the  following  constants, 
b.p.  168-169°/705mm.,  123-124°/200  mm.,  d^l  0-8586,  n?*°  1-468, 
[a]D  +  7-69°;  whilst  Dupont,*  who  obtained  the  hydrocarbon 
from  the  same  source,  gives  the  values,  b.p.  170°/760  mm., 
d]5°  0-8668,  n2J?°  1-4675.  The  molecular  refraction  is  normal  and 

15  7  D 

so  in  good  agreement  with  the  formula.  In  acetic  anhydride 
solution  the  hydrocarbon  gives  with  sulphuric  acid  a  transient 
purple  green  coloration.  A3-Carene  oxidises  with  remarkable 
ease  and  resinifies  somewhat  rapidly  on  exposure  to  the  air.  The 
rate  of  oxidation  of  the  hydrocarbon,  both  in  air  and  in  oxygen, 
has  been  studied  by  Rau,|  who  found  that  in  oxygen  18  per  cent, 
of  the  gas  is  absorbed  in  24  hours.  The  oxidation  can  be  inhibited 
by  the  addition  of  a  trace  of  pyrogallol,  no  action  taking  place 
for  about  30  days,  the  reaction  then  commencing  and  proceeding 
to  completion  at  the  normal  rate.  The  products  of  the  auto- 
oxidation  of  A3-carene  have  been  investigated  by  Owen  and 
Simonsen  J. 

A3-Carene  can  be  very  readily  characterised,  since  it  forms  a 
sparingly  soluble  nitrosate,  m.p.  147-5°  (decomp.). 

The  reduction  of  d-A3-carene  to  the  saturated  dicyclic  hydro- 
carbon, carane,  has  been  found  by  Kretinski  and  Ssolodki§  to 
proceed  smoothly  in  the  presence  of  platinum  black  (compare 
p.  53). 

The  oxidation  of  c£-A3-carene  with  hydrogen  peroxide  was 
investigated  by  Pillay  and  Simonsen,  ||  who  showed  the  main 
product  of  the  reaction  to  be  a  glycol,  d-carene-fi-glycol,  m.p. 
90-91°,  which  was  optically  inactive.  An  isomeric  glycol, 
d-carene-a-glycol,  m.p.  69-70°,  [a]D  +  16-05  (in  chloroform),  had 
been  prepared  previously  by  Simonsen  by  the  oxidation  of 
eZ-A3-carene  with  potassium  permanganate  in  alkaline  solution. 
These  two  glycols  are  in  all  probability  stereoisomerides  having 


*  Ann.  chim.  1924  [x],  1,  184. 
%  J.C.8.  1931,  p.  3001. 
||  J.C.S.  1928,  p.  359. 


t  Ind.  For.  Bee.  1924,  9,  203. 
§  J.  pr.  Chem.  1930  [ii],  126,  14. 
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formula  (XIV).  They  do  not  react  with  phthalic  anhydride  in 
benzene  solution,  but  the  /^-glycol  reacts  with  this  reagent  at 
110°  to  give  a  hydrogen  phthalate,  m.p.  191-192°.  When  treated 
with  dilute  sulphuric  acid  at  100°  this  glycol  yields  a  mixture  of 
p-cymene  and  an  oil,  b.p.  150-153°/99  mm.,  df°Q  0-961,  1-4740, 
[a]D  —  39-16°,  which  is  not  homogeneous  but  consists  essentially 
of  d-carene  oxide  (XV) .  This  oxide  reacts  with  phthalir,  an  hy  nVjnVp 
at  110°  to  give  d-carene- ^-glycol  hydrogen  p/it/talate,  m.p.  191— 
192°,  whilst,  when  allowed  to  remain  with  semicarbazide  acetate 
for  some  months,  it  gives  a  semicarbazone,  CuH19ON3,  m.p.  193- 
193-5°,  which  is  probably  derived  from  the  ketone  (XVI). 
rZ-Carene  oxide  is  remarkably  stable  and  cannot  be  reconverted 
into  the  glycol  by  the  action  of  sulphuric  acid. 

CH3  CH3  CH3 

C.OH  0  C  CH 


HOHC^CH,  HC^CHj  OC  (3H2 

H^C     CH  HjC     CH  H2C  CH 

^VHa       ^VHs  ^VHs 

\CH3  \CH3  \CH3 

(XIV)  jXV)  (XVI) 

An  isomeric  oxide  having  somewhat  different  properties,  b.p. 
126-1277103  mm.,  d2QT  0-9464,  [af£°  +  13-05°,  has  been  prepared 
by  Arbusov  and  Michailov*  by  the  oxidation  of  c£-A3-carene  with 
benzoyl  hydroperoxide.  This  oxide  is  much  less  stable  than  that 
described  by  Pillay  and  Simonsen,  since  it  yields  the  /3-glycol 
when  treated  with  dilute  sulphuric  acid.  The  relationship  of  these 
two  oxides  has  not  been  determined.  This  oxide  can  be  obtained 
also  by  the  oxidation  of  the  hydrocarbon  with  per-acetic  acid  in 
ethereal  solution. 

Oxidation  of  cZ-A3-carene  with  Beckmann's  chromic  acid 
mixture  has  been  found  to  give  a  mixture  of  d-homoterpenyl- 
methyl  ketone  (XVII),  Z-trans-caromc  acid  (XVIII),  terpenylic 
acid  (XIX)  and  terebic  acid  (XX),  the  reaction  proceeding  in 
accordance  with  the  scheme  on  p.  62. | 

The  formation  of  Z-£ra?i<s-caronic  acid  in  this  oxidation  is  of 
peculiar  interest,  since  the  ketonic  acid,  from  which  it  must 
originate,  would  probably  have  the  m-configuration.  Under  the 

*  J.  pr.  Chem.  1930  [ii],  127,  1.      f  Gibson  and  Simonsen,  J.C.S.  1929,  p.  305. 
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experimental  conditions  this  configuration  must  be  presumed  to 
be  unstable  passing  into  the  trans-iorm,  which  is  then  further 
oxidised  to  the  £raws-dibasic  acid. 
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H3C  CH3 


(XIX) 


CH 


(XVIII) 
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HgC  C02H 
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H3C  CH3 
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Mention  has  been  made  already  of  the  principal  products 
which  are  formed  when  d-A3-carene  is  oxidised  with  potassium 
permanganate  in  acetone  solution ;  attention  must,  however,  be 
directed  to  an  unsaturated  dicyclic  ketone,  C10H14O,  b.p.  110- 
123°/10  mm.,  d20°  1-020,  n2*°  1-498,  [a]D  -  5-28°,  semicarbazone, 
m.p.  159-161°,  which  Semmler  and  v.  Schiller  separated  from 
the  neutral  oxidation  products.  This  ketone  is  considered  to  be 
represented  by  formula  (XXI) ;  on  reduction  with  sodium  and 
alcohol  it  gives  the  saturated  alcohol,  C10H18O  (XXII),  b.p.  103- 
108°/11  mm.,  d20°  0-9262,  n™°  1-476,  from  which,  by  oxidation 
with  chromic  acid,  the  saturated  ketone,  C10H16O  (XXIII),  b.p. 


88-100o/ll  mm.,  d20°  0-9262, 


(20° 


1-476,  semicarbazone,  m.p. 


223-224°,  was  prepared.  No  direct  proof  of  the  constitution  of 
any  of  these  substances  is  available  and  the  formation  of  an 
unsaturated  ketone  by  oxidation  with  potassium  permanganate 
is  somewhat  unusual.  An  analogy  should  perhaps  be  sought  in 
the  auto-oxidation  of  a-pinene  to  verbenone  (see  p.  121). 
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With  bromine  in  chloroform  solution  d-A3-carene  reacts 
readily,  one  molecule  of  bromine  being  absorbed,  but  the  di- 
bromide  is  unstable  and  evolves  hydrogen  bromide.  According 
to  Aschan*  the  hydrocarbon  gives  with  hydrogen  chloride  a 
monohydrochloride,  b.p.  75-80°/10  mm.,  identical  with  that  ob- 
tained from  cZ-A4-carene  (p.  66) ;  the  yield  of  this  substance  is 
very  poor,  the  main  product,  as  mentioned  above,  being  a 
mixture  of  the  dihydrochlorides  of  dipentene  and  sylvestrene. 
<i-A3-Carene  is  not  attacked  by  warm  dilute  sulphuric  acid  (5  per 
cent.)  but,  if  heated  with  this  reagent  in  acetic  acid  solution 
at  60°,  a  diterpene,  b.p.  175°/10mm.,  0-9309,  n™°  1-5168, 
[a]5461  +  5-69°,  is  obtained. 

CH3  CH3  CH3 

C  CH  CH 

/\  y\  /\ 

HC     CH2   ►       H2C     CH2  Cr03       H2C  CH2 

OC     CH  ***    HOHC     CH  OC  CH2 

^VH3       ^VHa  ^-<CHa 

\CH3  \CH3  \CH3 

(XXI)  (XXII)  (XXIII) 

d-Az-Carene  nitrosochloride  has  been  described  by  Lagache,f 
it  is  extremely  unstable  and  decomposes  at  101-102°.  It  has 
been  characterised  by  the  preparation  of  the  nitrolmethylamine, 
m.p.  180°,  and  nitrolanilide,  m.p.  143-144°.  On  digestion  with 
sodium  carbonate  in  alcoholic  solution,  it  is  converted  into 
nitrosocarene,  m.p.  89-90°.  Carene  nitrosate,  decomposing  at 
147-5°,  was  prepared  by  Simonsen  and,  owing  to  its  sparing 
solubility  in  organic  media,  it  can  be  readily  separated  even  when 
the  hydrocarbon  is  only  present  in  small  quantity.  It  is  ex- 
tremely stable  and  has  up  to  the  present  not  been  converted 
into  nitrosocarene. 


*  Annalen,  1928,  461,  1. 

t  Bull.  d.  VInst.  du  Pin,  1927,  p.  233. 
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The  hydrocarbon,  d-A4-carene,  C10H16,  was  separated  from  the 
essential  oil  derived  from  the  grass,  Andropogon  Jwarancusa 
Jones,  by  Simonsen,*  who  shortly  afterwards  showed  it  to  be 
the  main  hydrocarbon  constituent  of  an  oil  derived  from  an 
unidentified  Andropogon  grass  occurring  in  the  Etawah  District, 
United  Provinces,  India. f  Simonsen  suggested  that  the  terpene 
was  probably  somewhat  widely  distributed  in  nature  and  this 
has  since  been  confirmed  by  its  isolation  from  German  pine 
needle  oil  (from  Finns  sylvestris  L.)  by  Semmler  and  v.  Schiller, % 
from  Finnish  oil  of  turpentine,  §  from  Swedish  oil  of  turpentine  || 
and  from  the  oil  of  Dacrydium  Franklini  Hook,  f  .If  Z-A4-Carene 
has  not  been  described. 

The  constitution  of  A4-carene  has  been  established  by  the 
investigations  of  Simonsen  and  his  collaborators.  When  the 
hydrocarbon  is  oxidised  in  acetone  solution  with  potassium 
permanganate  it  gives  in  excellent  yield  a  liquid  ketonic  acid, 
C10H16O3 .  This  acid,  which  was  characterised  by  the  preparation 
of  the  semicarbazone,  m.p.  182-183°,  the  oxime,  m.p.  124-125°, 
[af£°  +  44-9°  (in  methyl  alcohol)  and  the  ethyl  ester,  b.p.  133- 
135°/11  mm.,  semicarbazone,  m.p.  119-120°,  is  undoubtedly 
d-1  :  l-dimethyl-2-y-ketobutylcyc\opropane-3-carboxylic  acid  (II), 
since,  when  oxidised  with  sodium  hypobromite,  it  yields  a 
dibasic  acid,  d-3-carboxy-l  :  l-dimethylcyclopropane-2-propionic 
acid  (III),  m.p.  104-105°,  [a]D  +  33-5°  (in  chloroform).  The  con- 

*  J.C.S.  1921,  119,  1644;  1922, 121,  2292. 
t  Ind.  For.  Bee.  1924,  9,  160. 

t  Ber.  1927,  60,  1591;  Schimmel's  Beport,  1928,  p.  100. 

§  Aschan,  Annalen,  1928,  461,  1.  Aschan  originally  used  the  name  pinonene  for 
A4-carene. 

1 1  Wienhaus  and  Schmidt,  SchimmeVs  Beport,  1928,  p.  101. 

if  Penfold  and  Simonsen,  J.  Proc.  Boy.  Soc.  New  South  Wales,  1929,  63,  95. 
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stitution  of  this  latter  acid  was  proved  by  its  conversion  on 
treatment  with  hydrogen  bromide  into  homoterpenylic  acid  (IV), 
which  has  been  prepared  synthetically.*  If  d-A4-carene  be  repre- 
sented by  (I),  the  reactions  involved  are  shown  in  the  scheme : 

CH3  CH3 

C  CO  C02H 

BJ^\h  KMnO,   H-C^  C02H        NaOBr   YL£  C02H 

II    I      I    \  J 

HjC     CH  H^C     CH  HjC  CH 

^VHs      ^VHs  ^-<CHa 

\CH3  \CH3  \CH3 


CrOa 


(I)  (II) 


HBr 


(HI) 


CH 


CH 


ii2^>  — j 

H^C     CH2  ^? 


CH3  \y  /CH3 

CH  C< 


CH, 


(V)  (IV) 


A  further  direct  proof  of  the  presence  of  the  ci/cZopropane  ring 
in  A4-carene  was  furnished  by  its  oxidation  to  l-trans-caro?nc 
acid  (V)  by  Beckmann's  chromic  acid  mixture. t  There  can 
therefore  be  no  doubt  that  the  hydrocarbon  has  been  correctly 
formulated  and  this  is  supported  by  its  reaction  with  hydrogen 
chloride  (see  p.  66). 

Menon  and  SimonsenJ  have  described  the  synthesis  of  a 
hydrocarbon  which  is  probably  identical  with  A4-carene  but, 
owing  to  the  limited  material  available,  confirmation  by  the 
preparation  of  crystalline  derivatives  was  not  obtained.  When 
the  methyl  xanthate  of  l-carol  (VI)  (see  p.  72)  is  distilled  at  the 
ordinary  pressure  a  hydrocarbon  is  obtained  which,  as  will  be 
seen  from  the  table  (p.  66),  has  constants  agreeing  very  closely 
with  those  of  the  natural  terpene. 

d-A4-Carene  is  a  colourless  mobile  oil  with  a  pleasant  odour 
reminiscent  of  p-cymene.  The  molecular  refraction  (44-69),  in 

*  Simonsen,  J.G.S.  1907,  91,  184. 

t  Gibson  and  Simonsen,  J.C.S.  1929,  p.  909. 

X  J.  Ind.  Inst,  Sci.  1927,  10a,  4. 
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contrast  to  that  of  A3-carene,  shows  a  marked  exaltation 
(+  0-5)  owing  to  the  conjugation  of  the  ethylenic  linkage  with 
the  cyclopropane  ring.  It  is,  however,  considerably  lower  than 
that  shown  by  sabinene  (+  0-78).  According  to  Semmler  and 
v.  Schiller,  when  the  terpene  is  heated  to  280°  under  pressure, 
it  is  isomerised  to  sylvestrene  and  a-terpinene. 

d-Ai-Carene  Synthetic  hydrocarbon 

B.p.  165-5-167°/707  mm.  165-170°/685  mm. 

djjjjo  0-8552  0-8551 

w|°°  1-474  1-473 

[afj?°  +  62-2°  -  5-96°  (in  acetic  acid) 

CH3  CH3 
CH  C 


H2C     CHOH  H2C  CH 

I  -H,0  |  | 

CH   ►         H2C  CH 

/\  /CH3  \/\  XCH3 

M—(X  CH — (x 


m3  \ch3 

(VI)  (1) 

Since  A4-carene  does  not  yield  any  crystalline  derivatives,  it  is 
somewhat  difficult  to  identify.  When  available  in  sufficient 
quantity  this  is  generally  best  effected  by  oxidation  with 
potassium  permanganate  to  the  ketonic  acid,  C10H16O3,  or  with 
Beckmann's  chromic  acid  mixture  to  Z-£raws-caronic  acid.  In 
acetic  anhydride  solution  it  gives  with  sulphuric  acid  a  transient 
purple  colour. 

No  experiments  have  been  made  on  the  reduction  of  A4-carene. 
It  is  very  much  more  slowly  oxidised  by  oxygen  or  air  than 
A3-carene.* 

With  bromine  in  chloroform  solution  it  gives  a  liquid  bromide, 
whilst  with  hydrogen  chloride  in  ethereal  solution  it  gives  a 
monohydrochloride  (VII),  which  according  to  Aschan  boils  at 
75-80°/ 10  mm.  In  acetic  acid  solution,  however,  the  hydrocarbon 
shows  the  characteristic  property  of  carene  derivatives  and  yields 
a  mixture  of  dipentene  and  sylvestrene  dihydrochlorides  (VIII) 
and  (IX),  the  cyclopropane  ring  undergoing  fission. 


*  Rau,  Ind.  For.  Bee.  1924,  11,  205. 
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The  question  of  the  mechanism  of  the  formation  of  A4-carene 
in  nature  has  been  discussed  elsewhere  (Vol.  I,  p.  253). 


B.  KETONES 
C  A  RONE 

CH3 
CH 

/\ 

H2C  CO 

I  I 
H„C  CH 

\CH3 

Reference  has  been  made  already  (Vol.  i,  p.  314)  to  Baeyer's 
important  observation*  that,  when  dihydrocarvone  hydro - 
bromide  is  treated  with  an  alcoholic  solution  of  potassium 
hydroxide  at  0°,  elimination  of  hydrogen  bromide  occurs  with 
the  formation  of  a  saturated  dicyclic  ketone,  car  one.  Although 
the  occurrence  of  this  ketone  in  nature  has  not  so  far  been 

*  Ber.  1894,  27,  1919. 
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observed,  in  view  of  the  somewhat  wide  distribution  of  the  related 
hydrocarbons,  A3-  and  A4-carenes,  it  seems  not  unlikely  that  it 
may  be  found  in  essential  oils. 

At  the  time  of  Baeyer's  experiments  the  constitution  of 
carvone  was  not  definitely  known  (compare  Vol.  i,  p.  350)  and 
dihydrocarvone  was  given  formula  (I)  and  the  hydrobromide 
(II).  Baeyer  suggested,  therefore,  that  the  new  ketone  might 
contain  either  a  ci/cZopentane  ring  as  in  (III)  or,  if  the  hydro- 
bromide  had  the  alternative  formula  (IV),  a  ci/cfopropane  ring 
( V) .  In  the  following  year*  other  possible  formulae  were  discussed 
and,  subject  to  (II)  correctly  representing  dihydrocarvone, 
Baeyer  gave  preference  to  (VI),  which  was  closely  allied  to  the 
Bredt  formula  for  camphor. 
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The  recognition  of  the  correct  formula  for  carvone  and  the 
confirmation  by  Tiemann  and  Semmler  of  the  presence  of  an 
isopropenyl  group  in  dihydrocarvone  (Vol.  1,  p.  310)  led  Wagnerf 

*  Ber.  1895,  28,  1598. 

f  Ibid.  1894,  27,  1652,  2270;  Abhandlung,  Warsaw,  1894,  p.  39;  J.  Buss.  Phys. 
Chem.  Soc.  1896,  28,  95;  1898,  30,  259. 
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to  formulate  carone  as  (VIII),  since  it  was  formed  by  the  removal 
of  hydrogen  bromide  from  dihydrocarvone  hydrobromide  (VII). 
Baeyer  and  Ipatiev*  showed  this  theoretical  conclusion  to  be 
correct,  since  they  found  that,  when  the  ketone  was  oxidised 
with  a  hot  solution  of  potassium  permanganate,  it  gave  a  satu- 
rated dibasic  acid,  caronic  acid,  C7H10O4 ,  the  cis-modification  of 
which  melted  at  174-175°,  anhydride,  m.p.  54-56°,  and  the  trans- 
modification  at  212°.  This  acid  was  isomerised  by  hydrogen 
bromide  at  100°  to  terebic  acid  (X)  and  Baeyer  and  Ipatiev 
formulated  caronic  acid  as  the  ci/c/opropane  acid  (IX),  which 
was  confirmed  by  the  elegant  synthesis  carried  out  shortly 
afterwards  by  Perkin  and  Thorpe. f  There  can  therefore  be  no 
doubt  that  Wagner's  formula  for  carone  is  correct. 

CH3 
CH 

HaC^CO  KMn04  C02H  HBr       OC  — CH2 

HsC     CH  *      H02C     CH  O  iH.C02H 

/\    /CH3  \/\    /CH3  w 

m—c<  ch— cc  c 


"■CHg  ^CH3 

H3C  CH3 

(VIII)  (IX)  (X) 

Carone  is  a  colourless  mobile  oil  with  a  pleasant  camphoraceous 
odour.  Both  the  dextro-  and  laevo-rotatory  forms  of  the  ketone 
have  been  prepared  from  the  corresponding  dihydrocarvone 
hydrobromides  and  they  have  the  same  sign  as  the  parent  un- 
saturated ketone.  When  distilled  at  the  ordinary  pressure  the 
ketone  boils  at  about  210°  with  partial  decomposition  and 
isomerisation  to  carvenone;%  it  can,  however,  be  distilled  under 
diminished  pressure.  The  following  constants  have  been  recorded : 
b.p.  99-100°/15  mm.,  dlT  0-9567,  n^'8°  1-4787,  [a]D  +  173-8°  and 
—  169-5°.  For  a  specimen  of  the  ketone,  from  which  an  un- 
saturated impurity  had  been  removed  by  treatment  with  benzoyl 
hydroperoxide,  Richter,  Wolff  §  and  Presting  found  the  following 
values:  b.p.  98°/13  mm.,  d$°  0-955,  n™°  1-478,  [a]D  +  134°. 


*  Ber.  1896,  29,  2747;  compare  Kondakov  and  Gorbunov,  J.  pr.  Chem.  1897  [ii], 
56,  257.  |  J-c-s-  1898,  75,  48. 

%  Baeyer,  Ber.  1894,  27,  1920.  §  Ber.  1931,  64,  877. 
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Carone  can  be  identified  by  the  preparation  of  the  semi- 
carbazone,  d-  and  1-,  m.p.  167-169°,  dl-,  m.p.  178°,  or  by  oxidation 
to  caronic  acid. 

Although  the  cyclopropane  ring  in  carone  is  sufficiently  stable 
in  the  presence  of  alkali  to  enable  caronic  acid  to  be  separated 
after  oxidation,  yet  in  the  majority  of  reactions  this  undergoes 
fission  with  formation  of  either  p-  or  m-menthane  derivatives, 
the  ketone  behaving  as  if  it  contained  an  ethylenic  linkage. 

Reduction  of  carone  to  the  corresponding  secondary  alcohol, 
carol,  cannot  be  effected,  although  this  alcohol  has  been  prepared 
by  an  indirect  method  (p.  72).  Catalytic  hydrogenation  of 
d-carone  in  the  presence  of  colloidal  palladium  was  found  by 
Iyer  and  Simonsen*  to  give  a  mixture  of  j)-menthan-2-ol  (XI), 
7p-menthane  (XII)  and  l-ip-menthane-2  :  8-diol  (XIV).  Whilst  the 
first  two  substances  owe  their  formation  to  fission  of  the  cyclo- 
propane ring  followed  by  the  reduction  of  the  carbonyl  group, 
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(XIII)                      (XIV)                       (XV)  (XVI) 
*  J.C.S.  1926,  p.  2049. 
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the  simultaneous  formation  of  the  diol  is  not  so  readily 
accounted  for.  It  is  probably  due  to  a  preliminary  hydration 
of  the  dicyclic  ketone  by  the  dilute  mineral  acid  present  in 
the  reaction  mixture,  the  resulting  S-hydroxycarvomenthone 
(XIII)  then  undergoing  reduction.*  It  is  interesting  to  note 
that  no  derivatives  of  m-cymene  were  formed.  By  the  reduction 
of  carone  with  sodium  in  moist  ethereal  solution  Baeyerf  ob- 
tained carvomenthol  (XV),  the  hydroxymethylene  derivative  of 
the  corresponding  ketone  being  formed  when  carone  was  treated 
with  ethyl  formate  in  the  presence  of  sodium. 

Carone  only  reacts  very  slowly  with  bromine  and  does  not 
yield  any  crystalline  derivatives.}  With  hydrogen  bromide 
fission  of  the  ci/cZopropane  ring  occurs  with  formation  of  a  liquid 
hydrobromide,  which  was  recognised  by  Baeyer  as  dihydro- 
carvone  hydrobromide  by  the  preparation  of  the  oxime,  m.p.  118— 
120°.  According  to  Kondakov  and  Gorbunov§  isomerisation  to 
carvenone  occurs  simultaneously,  but  the  evidence  for  this  is  not 
convincing  and  requires  confirmation.  A  similar  fission  of  the 
cyclopropane  ring  was  shown  by  Baeyer  ||  to  occur  if  the  ketone 
was  allowed  to  remain  for  some  days  with  an  alcoholic  solution 
of  sulphuric  acid,  8-hydroxycarvomenthone  (XVI),  semicarbazone, 
m.p.  149°,  being  formed.  By  concentrated  sulphuric  acid  carone 
is  isomerised  to  carvenone. H 

d-  and  \-Caroneoximes  (XVII),  which  were  prepared  by 
Baeyer,**  are  oils,  the  following  constants  being  given  by  Kon- 
dakov and  Schindelmeiserf  f  for  that  prepared  from  d-carone: 
b.p.  130-132°/12  mm.,  d20°  1-018,  n™°  1-47955,  [a]D  -  255-65°. 
It  will  be  observed  that  a  reversal  of  sign  occurs.  The  d\-oxime 
is  a  solid,  m.p.  77-79°. 

Results  of  great  interest  have  been  obtained  from  a  study  of 
the  base  d-carylamine  (XVIII),  which  was  prepared  by  Baeyer}  J 
by  the  reduction  of  d-caroneoxime  with  sodium  and  alcohol.  The 
base  is  an  oil,  b.p.  88-89°/15  mm.,  [a]D  +  72-3°  (in  alcoholic 
solution), §§  and  gives  a  crystalline  benzoyl  derivative,  m.p.  123°. 
When  an  alcoholic  solution  of  carylamine  hydrochloride  is 

*  Compare  Richter,  Wolff  and  Presting,  Ber.  1931,  64,  877. 

t  Ber.  1895,  28,  1601.  %  Baeyer,  Ber.  1894,  27,  1920. 

§  J.  pr.  Chem.  1897  [ii],  56,  255.  ||  Ber.  1896,  29,  6. 

H  Rimini,  Gazzetta,  1909,  39,  n,  199.        **  Ber.  1894,  27,  3485;  1895,  28,  640. 
ft  J-  pr.  Chem.  1903  [ii],  68,  112.  tt  Ber.  1894,  27,  3486. 

§§  Menon  and  Simonsen,  J.  Ind.  Inst.  Sci.  1927,  10a,  3. 
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evaporated,  it  is  isomerised  yielding  vestrylamine  hydrochloride 
(XIX),  the  conversion  of  which  into  carvestrene  has  been  dis- 
cussed already  (Vol.  i,  p.  185). 

CH3  CH3  CH3 

In  CH  CH 
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H — CH — C\  CH2 
XCH3  \CH3 
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H2C  CH 

\/\  .CH3 
CH— C< 
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(XX) 

By  treatment  of  d-carylamine  sulphate  with  nitrous  acid 
Menon  and  Simonsen*  prepared  l-carol  (XX),  b.p.  141-142°/100 
mm.,  df°0  0-9181,  n™°  1-472,  [a]D  -  42-92°.  Z-Carol  on  oxidation 
with  chromic  acid  is  reconverted  into  the  parent  ketone.  The 
synthesis  of  A4-carene  from  the  alcohol  is  referred  to  on  p.  65. 

Mention  may  be  conveniently  made  here  of  a  hydroxy  de- 
rivative of  carone  which  was  obtained  by  Baeyerf  by  the  action 
of  an  alcoholic  solution  of  potassium  hydroxide  on  l-hydroxy-8- 
bromocarvomenthone  (XXI)  (Vol.  i,  p.  314).  The  dicyclic  hydroxy- 
ketone  (XXII),  b.p.  134-135°/19  mm.,  [a]D  +  32-66°,  can  be 
characterised  by  the  preparation  of  the  oxime,  m.p.  138°,  semi- 
carbazone,  m.p.  197°  and  the  phenylurethane,  m.p.  190°.  On 
treatment  with  hydrogen  bromide,  fission  of  the  cyclopropane 
ring  occurs  together  with  replacement  of  the  hydroxy  group 
by  bromine  with  the  formation  of  1  :  8-dibroniocarvomenthone 

(XXIII)  ,  whilst  with  sulphuric  acid  it  is  hydrated  to  ketoterpin 

(XXIV)  ,  m.p.  78-80°.  The  constitution  of  this  ketone  was  proved 
by  its  reduction  to  -p-menthane-1  :  2  :  S-triol  (XXV),  which  on 
oxidation  gave  homoterpenylmethyl  ketone  (XXVI). 

*  /.  Ind.  Inst.  Sci.  1927,  10a,  7.  f  Ber.  1898,  31,  3211. 
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Carone  was  found  by  Baeyer  to  react  very  readily  with  semi- 
carbazide*  to  yield  a  highly  characteristic  semicarbazone,  m.p. 
167-169°,  dl-iorm,  m.p.  178°. 

d-Carone  hydrazone  (XXVII)  is  an  oil,  b.p.  131°/20  mm., 
d20°  0-9683,  n™°  1-5082,  which,  according  to  Kishner,|  when 
boiled  with  dilute  sulphuric  acid  yields  carvenone,  and  when 
distilled  with  potassium  hydroxide  gives  the  saturated  dicyclic 
hydrocarbon,  l-carane   (XXVIII),  b.p.    169-169-5°/761  mm., 
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*  Ber.  1895,  28,  641. 

f  J.  Russ.  Phys.  Chem.  Soc.  1911,  43,  1554. 
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d20°  0-8411,  n™°  1-4569,  [a]D  -  47-06°.  The  conversion  of  carone 
hydrazone  into  Z-carane  also  occurs  when  it  is  heated  with  sodium 
ethylate  under  pressure.* 

Of  peculiar  interest  is  the  derivative  of  carone,  bisnitrosocarone 
(XXIX),  which  Baeyerj  prepared  by  the  action  of  acetyl 
chloride  on  a  mixture  of  the  ketone  and  isoamyl  nitrite,  since 
this  was  the  first  derivative  of  this  type  to  be  investigated. 
Bisnitrosocarone  is  a  crystalline  solid,  the  d-  and  Z-forms  de- 
composing at  116-118°  and  the  dl-  at  148°.  When  it  is  treated 
with  an  alcoholic  solution  of  hydrogen  chloride,  it  gives  a 
mixture  of  the  nitrosylic  acid  (XXX),  m.p.  80-90°,  and  1  :  8- 
dichlorocarvomenthone  (XXXI),  m.p.  42°.  As  might  be  anticipated 
the  c^/cZopropane  ring  in  the  nitrosylic  acid  is  unstable  and  when 
the  acid  is  distilled  in  steam  it  is  hydrated,  yielding  hydroxy  - 
carvomenthone  nitrosylic  acid,  m.p.  184°.  J 
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Carone  does  not  react  with  sodium  hydrogen  sulphite  or  with 
the  sodium  derivative  of  ethyl  cyanoacetate.  When  heated  with 

*  Semmler  and  Feldstein,  Ber.  1914,  47,  386.  t  Ber,  1895,  28,  641,  1596. 

X  Baeyer,  Ber.  1896,  29,  16. 
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an  alcoholic  solution  of  ammonium  hydrogen  sulphide  under 
pressure  at  145-150°  it  gives  a  substance,  (C10H17)S,  b.p.  238- 
242°,  the  constitution  of  which  has  not  been  determined.*  With 
hydrogen  cyanide  carone  gives  an  unstable  cyanohydrin,  which 
is  reconverted  into  the  parent  ketone  by  alkali.  | 

d-Cyanocarone  (XXXIV),  m.p.  54-55°,  [a]D  +  298°  (in  alcohol), 
semicarbazone,  m.p.  218-221°,  has  been  described  by  Clarke  and 
Lapworth,t  who  prepared  it  by  the  action  of  alkali  on  cyano- 
dihydrocarvone  hydrobromide  (XXXIII).  §  The  presence  of  the 

CH,  CH,  CHf,  CHq 


I  I  I 

CH  CH  C 


A 


NC.HC     CO         NC.HC     CO  HC     CO  HC  CO 

I     KOH         ||  —     |      |  — >     I  I 

HgC     CHg   >     H^C     CH  H^C     CH  HC  CH2 


\/\   yCH3  W\   yCH3  ||      I  XH3 

CH                      CH— C<  CH— C<  HC  C< 

I  \CH3  \CH3  \CH3 
C.Br 

H3C  CH3 

(XXXIII)  (XXXIV)  (XXXV)  (XXXVI) 

ci/c/opropane  ring  in  cyanocarone  was  proved  by  its  oxidation 
with  potassium  permanganate  to  caronic  acid.  When  warmed 
with  alkali  in  the  presence  of  ferrous  hydroxide  the  nitrile  is 
converted  with  loss  of  hydrogen  cyanide  into  eucarvone  (XXXVI), 
the  unsaturated  dicyclic  ketone  (XXXV),  which  must  be  the 
primary  product  of  the  reaction,  being  apparently  unstable  and 
immediately  isomerising.  The  bearing  of  this  reaction  on  the 
mechanism  of  the  formation  of  eucarvone  is  discussed  further  on 
p.  80. 

EUCARVONE 
ch9 


HC  CO 

HC  CH2 
II      I  /CH3 
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*  Agostinelli,  Gazzetta,  1913,  44,  111. 

f  Menon  and  Simonsen,  J.  Ind.  Inst.  Sci.  1927,  10a,  5. 

%  J.C.S.  1910,  97,  12.  §  Lapworth,  J.C.8.  1906,  89,  1826. 
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Although  eucarvone,  C10H14O,  is  a  monocyclic  ketone  derived 
from  carvone,  it  is  conveniently  considered  here,  since  it  was 
originally  regarded  as  dicyclic  and  the  determination  of  its 
constitution  was  directly  dependent  upon  the  determination  of 
that  of  carone. 

Contemporaneously  with  his  experiments  on  the  removal  of 
hydrogen  bromide  from  dihydrocarvone  hydrobromide,  which 
resulted  in  the  preparation  of  carone,*  Baeyerf  investigated  the 
action  of  alkali  on  carvone  hydrobromide,  when  an  optically 
inactive  ketone,  C10H14O,  "eucarvol,"  was  obtained.  At  the 
time  of  these  experiments  carvone  was  considered  to  have  for- 
mula (I)  and  eucarvol  or  eucarvone,  as  it  was  later  called,  was 
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The  subsequent  proof  that  carvone  had  formula  (III)  and  that 
carone  was  the  dicyclic  ketone  (IV)  naturally  led  BaeyerJ  to 
modify  the  formula  for  eucarvone,  which  he  now  regarded  as  the 
unsaturated  dicyclic  ketone  (VI)  formed  from  carvone  hydro- 
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*  Ber.  1894,  27,  1915.  f  Ibid.  810.  J  Ibid.  1898,  31,  2067. 
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bromide  (V)  in  a  similar  manner  to  carone  from  dihydrocarvone 
hydrobromide. 

With  carone  direct  evidence  of  the  presence  of  the  cyclo- 
propane  ring  was  readily  obtained  by  its  oxidation  to  caronic 
acid  (p.  69),  but  eucarvone,  when  oxidised  under  similar  con- 
ditions, gave  &s-dimethylsuccinic  acid  (VII).  This  discrepancy 
between  the  two  ketones  was  ascribed  by  Baeyer  to  the  in- 
stability of  this  ring  in  the  unsaturated  ketone  and  in  support 
of  this  he  directed  attention  to  the  fact  that,  when  eucarvone 
was  reduced  with  sodium  and  alcohol,  it  gave  an  unsaturated 
secondary  alcohol,  dihydroeucarveol,  C10H18O,  from  which  an 
unsaturated  ketone,  dihydroeucarvone,  C10H16O,  could  be  pre- 
pared by  oxidation  with  chromic  acid.  These  two  derivatives 
of  eucarvone  undoubtedly  contained  a  c?/cZoheptene  ring  and 
Baeyer  represented  them  by  formulae  (VIII)  and  (IX).  The 
evidence  for  this  was  obtained  in  a  somewhat  indirect  manner. 
Dihydroeucarvoxime  gives  with  hydrogen  iodide  a  crystalline 
hydroiodide,  C10H18ONI,  m.p.  161-162°,  from  which,  by  reduction 
with  zinc  dust  and  alcoholic  hydrochloric  acid,  an  oxime  can  be 
prepared  which  on  hydrolysis  yields  a  saturated  ketone,  tetra- 
hydroeucarvone,  C10H18O.  If  dihydroeucarvone  has  formula  (IX), 
the  saturated  ketone  must  be  represented  by  (X).  This  was 
confirmed  by  its  oxidation  to  the  liquid  Jcetonic  acid,  C10H18O3 
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(XI)  ,  semicarbazone,  m.p.  101-102°,  from  which  by  the  action  of 
sodium  hypobromite  /3j3-dimethylpimelic  acid  (XII),  m.p.  101- 
102-5°,  was  prepared. 

Whilst  these  experiments  proved  beyond  question  the  presence 
of  a  seven-membered  ringindihydroeucarveol,  dihydroeucarvone 
and  tetrahydroeucarvone,  many  objections,  fully  recognised  by 
Baeyer,  could  be  urged  against  the  dicyclic  structure  for  eucar- 
vone.  Amongst  the  more  important  of  these  are  (i)  reduction 
would  be  expected  to  give,  as  is  the  case  with  carone  (p.  70), 
derivatives  of  carvomenthone,  (ii)  oxidation  should  give  caronic 
acid  and  (iii)  by  the  action  of  hydrogen  chloride  carvone  hydro- 
chloride should  be  obtained. 

A  reinvestigation  of  the  properties  of  eucarvone  by  Wallach* 
furnished  conclusive  evidence  that  eucarvone,  like  its  reduction 
products,  contained  a  seven-membered  ring,  and  he  suggested 
formula  (XIII).  It  will  be  observed  that  this  represents  the 
ketone  as  containing  the  group  — CH2 — CO — ,  the  presence  of 
which  was  confirmed  by  the  preparation  of  a  benzylidene  de- 
rivative (XVI).  Wallach  further  showed  that,  when  the  ketone 
was  reduced  with  sodium  and  alcohol,  in  addition  to  dihydro- 
eucarveol  (VIII),  tetrahydroeucarveol  (XIV)  was  also  formed, 
which  could  be  oxidised  with  chromic  acid  to  tetrahydroeucar- 
vone (X),  identical  with  the  ketone  prepared  indirectly  by 
Baeyer  from  dihydroeucarvoxime.  Incidentally  Wallach  con- 
firmed the  constitution  assigned  to  the  substituted  pimelic  acid 

(XII)  by  converting  it,  by  distillation  of  the  calcium  salt,  into 
3  :  S-dimethylcyclohexanone  (XV).  The  various  reactions  involved 
are  shown  in  the  scheme  on  p.  79. 

It  must  be  pointed  out  that  no  direct  evidence  of  the  position 
of  the  ethylenic  linkage  in  dihydroeucarveol  or  dihydroeucarvone 
was  provided  either  by  the  investigations  of  Baeyer  or  Wallach, 
and  the  alternative  formula  (XVII)  was  possible  (see  below). 

The  adoption  of  Wallach 's  formula  explained  inter  al.  (i)  why 
the  ketone,  although  prepared  from  an  active  hydrobromide, 
was  always  optically  inactive,  since  it  does  not  contain  an 
asymmetric  carbon  atom,  (ii)  the  very  high  molecular  refraction, 
46-72,  in  place  of  the  calculated  value,  43-72,  for  a  dicyclic 
unsaturated  ketone  and  (iii)  the  formation  of  a  hydroxylamino- 

*  Annalen,  1899,  305,  242,  274;  1905,  339,  94;  Ber.  1896,  29,  1600. 
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oxime  (see  p.  84).  The  only  important  facts  which  could  be 
urged  against  the  formula  were  (i)  the  ready  isomerisation  of 
eucarvone  to  carvacrol  (XIX),*  which  probably  takes  place 
through  the  enolic  form  (XVIII)  of  the  ketone  and  (ii)  the 
formation  of  2-chloro--p-cymene  (XX)  by  the  action  of  phosphorus 
pentachloride.f 
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To  explain  the  formation  of  eucarvone  from  carvone  hydro- 
bromide  (XXI)  by  the  action  of  alkali  Wallach  has  suggested 
that,  as  was  anticipated  by  Baeyer,  the  primary  product  of  the 
reaction  is  the  dicyclic  ketone  (XXII),  which  is  however  un- 


*  Baeyer,  Ber.  1894,  27,  812;  compare  Dormaar,  Rec.  trav.  chim.  1904,  23,  400. 
|  Klages  and  Kraith,  Ber.  1899,  32,  258. 
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stable  and  passes  through  the  hydroxy  ketone  (XXIII)  into 
eucarvone.  Confirmatory  evidence  of  this  view  of  the  mechanism 
of  the  reaction  has  been  supplied  by  an  investigation  of  Clarke 
and  Lapworth,*  who  showed  that,  when  cyanocarone  (XXIV) 
was  treated  with  alkali  in  the  presence  of  ferrous  hydroxide, 
eucarvone  was  formed.  In  this  case  there  can  be  no  doubt  that 
the  dicyclic  ketone  (XXII)  must  be  the  primary  product  of  the 
reaction. 
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Eucarvone  is  a  colourless  oil  with  an  odour  resembling  that 
of  menthone.  The  following  constants  were  observed  by  Auwersf 
for  the  ketone  purified  through  its  semicarbazone :  b.p. 
88°/10  mm.,  d2f  0-9490,  n™°  1-50872.  The  molecular  refraction 
shows  an  exaltation  of  +  1-35  units,  which,  as  noted  by  Auwers 
and  Eisenlohr,J  is  remarkably  low,  the  ketone  resembling  in 
this  respect  ionone.  The  ketone  is  isomerised  when  distilled  under 
the  ordinary  pressure.  The  heat  of  combustion  has  been  de- 
termined by  Roth  and  Ostling§  and  found  to  be  1373-1  Kg.  cals. 


*  J.C.S.  1910,  97,  15.  t  Annalen,  1918,  415,  164. 

%  J.  pr.  Chem.  1911  [ii],  84,  80.        §  Ber.  1913,  46,  324. 
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Eucarvone  can  be  identified  by  the  preparation  of  the  semi- 
carbazone, m.p.  183-185°,*  whilst,  when  it  is  mixed  with  a  strong 
methyl  alcoholic  solution  of  potassium  hydroxide,  it  gives  a 
highly  characteristic  deep  blue  colour,  which  is  discharged  on 
dilution  with  water. f  Eucarvone  is  somewhat  unstable  and 
when  boiled  for  one  hour  is  completely  isomerised  to  carvacrol. 

By  the  catalytic  hydrogenation  of  eucarvone  in  the  presence 
of  palladium  WallachJ  prepared  tetrahydroeucarvone,  b.p.  208- 
209°,  d20°  0-9063,  n£°  1-4554,  semicarbazone,  m.p.  201°  and 
161-163°,  m^raso-derivative,  m.p.  104-105°.  This  ketone  is  now 
therefore  readily  accessible ;  previously  it  could  only  be  obtained 
by  the  laborious  process  referred  to  above.  As  mentioned,  re- 
duction of  eucarvone  with  sodium  and  alcohol  gives  a  mixture  of 
a-dihydroeucarveol  and  tetrahydroeucarveol.%  a-Dihydroeucarveol, 
which  for  the  reasons  given  below  must  have  formula  (VIII),  is 
a  viscid  oil,  b.p.  216°,  114°/16mm.,  d™°  0-929,  n™°  1-47586, 
phenylur ethane,  m.p.  61-63°,  and  gives  on  oxidation  with  chromic 
acid  a-dihydroeucarvone  (IX), ||  b.p.  202-203°,  86-87°/16  mm., 
d™°  0-9222,  n2p  1-46978,  semicarbazone,  m.p.  189-191°,  bis- 
m^roso-derivative,  m.p.  121-124°  ;H  the  oxime  is  an  oil. 

By  the  reduction  of  eucarvoxime  (XXV)  with  hydrogen  in  the 
presence  of  palladium  Wallach  and  Klein**  have  prepared  a 
crystalline  p-dihydroeucarvoxime  (XXVI),  m.p.  122-123°,  from 
which  on  hydrolysis  an  isomeric  fl-dihydroeucarvone,  b.p.  213- 
214°,  d21°  0-9325,  n^°  1-4790,  semicarbazone,  m.p.  202°,  was 
obtained.  This  ketone  differed  from  the  isomeric  dihydro-ketone 
in  not  giving  a  nitroso-derivative,  but  it  formed  a  nitrosochloride, 
m.p.  95°.  The  two  isomeric  dihydroeucarvones  differ  in  the 
position  of  the  ethylenic  linkage,  and  the  constitution  of  the 
/3-ketone  (XXVII)  is  proved  by  its  oxidation  to  fifi-dimethyladipic 
acid  (XXVIII),  m.p.  80°.  We  have  therefore  the  two  following 
schemes  for  the  preparation  of  the  isomeric  dihydroeucarvones ; 
jS-dihydroeucarveol  has  not  been  described. 

*  Baeyer,  Ber.  1894,  27,  1923. 
f  Baeyer,  ibid.  812. 

t  Annalen,  1911,  381,  67;  1914,  403,  87. 

§  Baeyer,  Ber.  1894,  27,  1922;  Wallach  and  Koehler,  Annalen,  1905,  339,  102. 
||  Baeyer,  ibid.  1894,  27,  1922;  Klages  and  Kraith,  ibid.  1899,  32,  2563. 
H  Baeyer,  ibid.  1895,  28,  646. 
**  Annalen,  1914,  403,  87. 
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Additional  evidence  in  support  of  the  structural  isomerism  of 
the  two  dihydroeucarvones  was  furnished  by  the  catalytic 
hydrogenation  of  j6-dihydroeucarvoxime  to  tetrahydroeucarvoxime 
(XXIX),  m.p.  5 6-57° ,  which  when  reduced  with  sodium  and 
alcohol  gives  tetrahydroeucarvylamine  (XXX),  b.p.  208-5°, 
d21°  0-8680,  n2*°  1-4665,  acetyl  derivative,  m.p.  110-5°,  benzoyl 
derivative,  m.p.  168°.  This  base  contains  two  asymmetric  carbon 
atoms,  but  apparently  only  one  externally  compensated  form 
has  been  isolated.  By  reduction  of  eucarvone  with  zinc  dust  in 
alkaline  media  three  isomeric  pinacones,  C20H30O2,  are  formed, 
the  constitutions  of  which  have  been  discussed  by  Wallach.* 


*  Annalen,  1914,  403,  102. 
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No  crystalline  derivatives  of  eucarvone  with  the  halogens  or 
halogen  acids  have  been  described,  although  Wallach*  has 
studied  the  bromination  of  the  dihydroeucarvones.  When 
eucarvone  in  light  petroleum  solution  is  treated  with  phosphorus 
pentachloride  it  yields  a  c/^oro-derivative,  which  by  the  action 
of  quinoline  passes  into  2-chloro-^-cymene.|  The  conversion  of 
eucarvone  into  derivatives  of  benzene  was  carried  out  by  Baeyer 
in  an  interesting  series  of  reactions.  J  By  the  action  of  phosphorus 
pentachloride  on  a-dihydroeucarveol  (VIII)  a  chloride^  was 
prepared,  which  was  not  homogeneous,  distilled  about  100- 
110o/29  mm.  and  consisted  essentially  of  the  substance  (XXXI). 
When  the  chloride  was  treated  with  quinoline  a  hydrocarbon, 
euterpene,  b.p.  161-165°,  was  obtained,  which  is  probably  the 
c^/doheptadiene  hydrocarbon  (XXXII),  although  the  constitu- 
tion has  not  been  rigidly  proved.  Oxidation  with  potassium 
permanganate  gives  as-dimethylsuccinic  acid,  whilst  degradation 
by  the  Baeyer-Villiger  method  of  exhaustive  bromination  yields 
1  :  2-dimethyl-4:-ethyl  benzene  (XXXIII). 

CH8  CH3 
CH  CH 
HjC^CHOH  HoC^CH.Cl 

I    I        pci5    T  1 

HC     CH2   ►  HC  CH2 

\CH3  \CH3 

(VIII)  (XXXI) 

Eucarvoxime,  m.p.  106°,  has  been  described  by  Baeyer ||  and 
by  Wallach.  H  Although  it  can  be  hydrolysed  to  the  parent  ketone 
it  is  somewhat  stable  to  hydrolytic  agents.  On  reduction  with 
sodium  and  alcohol  it  yields  a  mixture  of  a-dihydroeucarvylamine 
(XXXIV),  b.p.  H6-II774O  mm.,  phenylur ethane,  m.p.  142°  and 
tetrahydroeucarvylamine  (see  p.  82). 

*  Annalen,  1919,  418,  53. 

t  Klages  and  Kraith,  Ber.  1899,  32,  2558. 

J  Ber.  1898,  31,  2077. 

§  Klages  and  Kraith  (Ber.  1899,  32,  2561)  give  the  b.p.  85°/20  mm.,  d18°  0-935, 
nD  1-46179. 

||  Ber.  1894,  27,  813. 

11  Annalen,  1899,  305,  239. 
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Like  the  tetrahydro-base,  the  dihydro-base  is  theoretically 
capable  of  existing  in  two  externally  compensated  forms. 

When  eucarvone  is  treated  with  an  excess  of  hydroxylamine 
it  yields  a  hydroxylamino-oxime  (XXV),*  which  melts  at  141- 
142°  and  gives  a  hydrogen  oxalate,  m.p.  198°. 

Eucarvone  does  not  react  with  sodium  hydrogen  sulphite  but, 
as  was  mentioned  on  p.  78,  it  reacts  with  benzaldehyde  in  the 
presence  of  sodium  ethylate  to  give  a  benzylidene  derivative 
crystallising  in  yellow  prisms,  m.p.  112-113°.  At  the  same  time 
a  colourless  substance,  C24H2402,  m.p.  193-194°,  is  formed,  the 
constitution  of  which  has  not  been  determined. f  The  action  of 
magnesium  methyl  iodide  on  eucarvone  has  been  investigated 
by  Rupe  and  Kerkovius,J  who  obtained  a  hydrocarbon,  CUH16, 
b.p.  67-68°/ll  mm.,  d20°  0-8687,  n™"  1-5066.  The  constitution  of 
this  has  not  been  established,  but  it  is  not  improbable  that  it  is 
a  mixture  of  the  two  substances  represented  by  (XXXVI)  and 
(XXXVII). 

*  Harries  and  Stahler,  Annalen,  1904,  330,  275. 

f  Wallach,  Ber.  1896,  29,  1600;  Annalen,  1899,  305,  242,  275. 

%  Ber.  1911,  44,  2703. 
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Addition  of  a  molecule  of  hydrogen  to  the  ethylenic  linkage 
present  in  either  «-pinene  (I)  or  /S-pinene  (II)  should,  in  the 
absence  of  isomerisation,  lead  to  the  formation  of  the  saturated 
dicyclic  hydrocarbon,  pinane  (III).  As  is  mentioned  on  p.  118, 
the  early  experiments  on  the  reduction  of  pinene  (a  mixture  of 
a-  and  ^-pinenes)  involved  the  use  of  acidic  reducing  agents  and 
high  temperatures,  so  that  the  product  of  the  reaction  consisted 
essentially  of  p-mmthane  (IV).  With  the  introduction  of  the 
catalytic  methods  of  hydrogenation.  it  has,  however,  become 
possible  to  prepare  pinane  free  from  isomerides. 

The  first  experiments  on  the  catalytic  hydrogenation  of 
a-pinene  were  made  by  Sabatier  and  Senderens,*  who  reduced 
/-a-pinene  at  170-180°  using  a  nickel  catalyst.  They  obtained  a 
saturated  hydrocarbon,  b.p.  166°,  d0^  0-862,  which  they  assumed 
to  be  pinane,  although  they  furnished  no  evidence  in  support 
of  this  structure.  Subsequently  both  d-  and  Z-a-pinenes  were 
reduced  by  other  investigators,  either  by  the  Sabatier-Senderens 
process,  or,  at  ordinary  temperature,  using  either  a  platinum  or 


*  Compt.  rend.  1901,  132,  125(3. 
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palladium  catalyst.*  Pinane  was  also  prepared  by  the  hydro 
genation  of  /3-pinene|  from  pinocamphonehydrazone  (p.  196)  by 
Kishner's  method,  from  d-verbanonehydrazone  (p.  200)  by  the 
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action  of  sodium  ethylate  at  140-1 60°{  and  from  pinocamplione 
semicarbazone  by  Wolff 's  reaction. §  Whilst  the  boiling-points  of 
the  hydrocarbons,  so  prepared,  were  approximately  the  same 
as  that  observed  by  Sabatier  and  Senderens,  very  marked 
differences  occurred  in  the  densities  and  refractive  indices. ||  To 
account  for  these  differences,  it  was  suggested  that  possibly 

*  Sabatier  and  Maihle,  Bull.  Soc.  chim.  1906  [iii],  36,  615;  Vavon,  Compt.  rend. 
1909,  149,  998;  Bull.  Soc.  chim.  1911  [iv],  9,  256;  Zelinski,  Ber.  1911,  44,  2784; 
Nametkin  and  Jarzev,  J.  Buss.  Phys.  Chem.  Soc.  1920,  51,  147;  Ber.  1923,  56,  832. 

t  Vavon,  Compt.  rend.  1910,  150,  1127. 

j  Annalen,  1924,  439,  36. 

§  Nametkin  and  Jarzev,  Ber.  1923,  56,  832. 

||  The  optical  rotatory  power  naturally  varied,  both  in  sign  and  magnitude,  with 
that  of  the  a-  or  /?-pinene  reduced. 
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reduction  of  the  ethylenic  linkage  was  accompanied,  at  any  rate 
to  some  extent,  by  ring  fission  and  the  hydrocarbon,  although 
possessing  a  constant  boiling-point,  was  actually  a  mixture  of 
pinane,  p-menthane  and  possibly,  also,  o-menthane. 

In  an  admirable  paper  by  Lipp*  an  explanation  is  given 
which  fully  accounts  for  these  anomalies.  He  points  out  that 
it  has  not  apparently  been  fully  appreciated  that,  on  reduction 
of  either  a-  or  /3-pinene,  the  cis-  and  ^raws-modifications  of  pinane 
may  be  formed.  Now  it  is  known  from  the  investigations  of 
Auwersf  and  Skita J  that  the  cis-  and  trans-forms  of  a  substance 
differ  in  density  and  refractive  index,  the  trans-  having  the 
lower  density  and  refractive  index.  Herein  Lipp  finds  an  explana- 
tion of  the  divergent  results  of  previous  investigators,  which  he 
confirmed  by  his  own  experiments,  whilst,  at  the  same  time,  he 
advanced  experimental  evidence  to  show  that  the  hydrocarbon 
obtained  was  actually  pinane. 

When  Z-a-pinene  ([a]D  —  38-08°)  was  reduced  by  the  Sabatier- 
Senderens  process  with  a  nickel  catalyst  at  220-230°,  trans- 
Z-pinane,  b.p.  162-164°/720  mm.,  d\l'5°  0-8519,  n%'5°  1-45952, 
[a]D—  16-1°,  was  obtained.  By  reduction  in  the  presence  of 
platinum  black  at  the  ordinary  temperature  cis-Z-pinane,  b.p. 
164-8-165-8°/716  mm.,  d2f  0-8562,  n^°  1-4624,  [a]D  -  18-9°,  was 
prepared.  From  e£-a-pinene  ([a]D  +  47-5°),  C£S-d-pinane,  b.p. 
163-164°/720  mm.,  d™°  0-8566,  n™°  1-4624,  [a]D  +  23-08°,  was 
prepared  in  a  similar  manner.  The  molecular  refraction  of  these 
three  hydrocarbons  was  found  to  be  the  same,  44-36,  44-35, 
44-37,  showing  an  exaltation  of  approximately  0-4  unit. 

There  is  of  course  no  evidence  that  the  cis-  and  £ra?i.s-pinanes 
were  the  pure  isomerides,  and  this  is  indeed  improbable,  but 
direct  proof  of  their  constitution  was  furnished  by  their  oxidation 
with  potassium  permanganate  to  methyl  nopinol  (V),  m.p.  79°. 
This  alcohol  is  probably  a  stereoisomeride  of  that,  m.p.  58-59°, 
prepared  by  Wallach  §  by  the  action  of  magnesium  methyl  iodide 
on  nopinone.  On  hydration  with  sulphuric  acid  it  gives  terpin 
hydrate,  whilst,  by  the  further  action  of  potassium  perman- 
ganate, pinonic  acid  is  obtained. 

It  has  been  suggested  by  Zelinski  and  Lewina  1 1  that  /?-pinene 

*  Ber.  1923,  56,  2098.  f  Annalen,  1919,  420,  91.  %  Ber.  1920,  53,  1792. 
§  Annalen,  1907,  356,  239.  ||  Ber.  1929,  62,  339. 
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does  not  give  pinane  on  catalytic  hydrogenation,  the  catalyst 
used  being  palladium  deposited  on  charcoal  and  the  tempera- 
ture 170-175°.  This  has  been  shown  by  Lipp*  to  be  incorrect. 
Z-/3-Pinene  gives,  on  catalytic  hydrogenation  in  the  presence  of 
platinum  black,  cis-Z-pinane  identical  in  all  respects  with  that 
prepared  from  Z-a-pinene.  If,  however,  Zelinski  and  Lewina's 
method  of  hydrogenation  be  adopted,  a  much  more  profound 
change  occurs  and  the  product  obtained  is  a  mixture,  the 
constituents  of  which  have,  however,  not  been  identified. 

Pinane  is  remarkably  stable  both  to  oxidising  agents  and 
mineral  acids.  It  is  only  very  slightly  attacked  by  hydrogen 
bromide  at  230°,  whilst  on  reduction  with  hydriodic  acid  and 
red  phosphorus  it  yields  a  hydrocarbon,  C10H20,  b.p.  160-165°, 


dl?  0-8019,  rip  1-43939,  which  is  not  homogeneous,  but  probably 
consists  essentially  of  p-menthane. 
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*  Ber.  1930,  63,  412. 
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Pinene  must  be  regarded  as  the  most  important  member  of  the 
terpene  hydrocarbons  and  it  occurs  very  widely  distributed  in 
nature.  It  is  present  in  the  majority  of  essential  oils  derived 
from  the  Coniferae  and  it  is  the  principal  constituent*  of  oil  of 
turpentine,  which  has  been  known  from  very  early  times. 
According  to  Fluckigerf  the  name  turpentine  was  given  originally 
to  the  oil  prepared  from  the  oleo-resin  of  Pistacia  Terebenthus  L., 
and  was  probably  first  prepared  in  Persia,  since  the  word 
"Termentin"  or  "Turmentin"  is,  according  to  Fliickiger, 
Persian.  The  date  of  the  introduction  of  the  oil  into  the  West 
does  not  appear  to  be  known,  but  it  is  referred  to  in  the  literature 
of  the  thirteenth  century,  its  valuable  properties  as  a  solvent 
being  early  recognised. 

The  designation,  pi?iene,  was  given  by  Wallach  J  to  the  hydro- 
carbon fraction,  b.p.  155-165°,  of  oil  of  turpentine,  which  had 
previously  been  known  by  a  great  variety  of  names,  inter  al., 
terebenthine,  australene,  eucalyptene,  olibanene,  etc.  This  name 
was  selected  to  indicate  its  association  with  the  various  species 
of  Pinus,  in  which  it  is  so  largely  found.  In  view  of  the  facility 
with  which  turpentine  could  be  obtained,  its  reactions  have  been 
investigated  from  a  very  early  date  and  it  is  only  possible  here 
to  summarise  the  more  important  researches.  The  first  analysis 
of  pinene  was  made  by  Lavoisier,  but  the  correct  composition, 
C5H8,  was  determined  by  Labilliardiere,  §  Biot  a  few  years 
previously  (1815)  having  made  the  fundamental  observation  that 
French  oil  of  turpentine  was  optically  active  and  laevorotatory. 
Although  during  the  following  years  a  number  of  reactions  of 
pinene  were  studied  and  crystalline  " pinene  hydrochloride", 
artificial  camphor,  prepared,  the  next  important  advance  was 
due  to  Dumas,  ||  who  determined  the  molecular  weight  and 
showed  the  correct  formula  to  be  C10H16 .  In  the  next  two  decades 
little  progress  was  made  in  the  determination  of  the  constitution 
of  the  hydrocarbon.  It  was  observed  that,  when  pinene  was 
treated  with  hydrogen  chloride,  in  addition  to  "pinene  hydro- 
chloride", a  dihydrochloride  C10H16,  2HC1,  identical  with  that 

*  Gildemeister  and  Hoffmann,  Die  Atherischen  Ole,  1928,  I,  342. 

f  Die  Pharmakognosie,  1883,  p.  66. 

J  Annalen,  1885,  227,  300. 

§  J.  Pharm.  Chim.  1818  [ii],  4,  5. 

11  Annalen,  1833,  6,  250. 
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prepared  from  limonene,  was  formed,*  whilst  Berthelotf  showed 
that,  when  heated  at  250-300°  under  pressure,  it  was  isomerised 
to  hydrocarbons  having  a  higher  boiling-point.  Some  years  later 
BerthelotJ  made  the  very  important  observation  that  "pinene 
hydrochloride"  could  be  converted  into  a  crystalline  hydro- 
carbon, camphene,  and  he  recognised  that  pinene  and  camphene 
differed  in  structure.  §  Amongst  other  derivatives  prepared  and 
studied  during  this  period  were  dipentene  dihydrochloride,  terpin 
hydrate  and  sobrerol.  A  number  of  experiments  on  the  oxidation 
of  the  hydrocarbon  ||  were  also  carried  out,  but  they  did  not  yield 
results  giving  any  clue  to  its  constitution.  Its  relationship,  how- 
ever, to  the  aromatic  hydrocarbons  was  established  by  the  ex- 
periments of  Barbier,^  Oppenheim**  and  Kekule,f  f  who  showed 
that  it  could  be  converted  into  a  methyl  propyl  benzene,  but 
it  was  only  many  years  later  that  Widmanji  actually  proved  this 
to  be  jp-cymene. 

In  1875  Tilden§§  prepared  pinene  nitrosochloride  (p.  151)  and 
a  few  years  later  (cf .  Vol.  i,  p.  118)  he  suggested  that  the  terpenes 
could  be  divided  into  three  main  classes:  (i)  the  turpentines, 
b.p.  155-165°,  (ii)  the  citrenes,  b.p.  170-180°  and  (iii)  sylvestrene. 
It  will  be  observed  that  this  is  actually  a  division  into  dicyclic 
and  monocyclic  terpenes.  The  chief  value  of  the  classification  lay 
in  the  fact  that  it  recognised  for  the  first  time  that  the  number 
of  terpenes  was  not  unlimited.  Other  classifications  were  pro- 
posed at  this  time,  but  they  were  all  superseded  as  knowledge 
of  the  chemistry  of  the  various  members  of  the  terpene  series 
developed.  Although  Oppenheim  and  Kekule||||  had  suggested 
that  pinene  was  a  derivative  of  dihydrocymene  andArmstrongUH 
had  actually  put  forward  a  dicyclic  structure  (I),  the  first 
systematic  attempts  to  explain  the  reactions  of  the  hydrocarbon 

*  Inter  al,  Blanchet  and  Sell,  Annalen,  1833,6,271;  Dumas,  ibid.  1834,  9,  56; 
Berthelot,  Ann.  chim.  1854  [iii],  40,  5,  31;  Annalen,  1852,  84,  350;  List,  ibid.  1848, 
67,  359;  1849,  71,  351. 

t  Annalen,  1853,  88,  342.  $  Ibid.  1858,  110,  367. 

§  Compt.  rend.  1862,  55,  496,  544. 

||  Inter  al,  Schonbein,  J.  pr.  Ghent.  1851  [i],  52,  135,  185;  53,  65;  54,  74;  1855  [i], 
66,  272  [i],  75,  80;  Chautard,  Annalen,  1853,  88,  340. 

If  Compt.  rend.  1872,  74,  194.  **  Ber.  1872,  5,  94. 

ft  Ibid.  1873,  6,  439.  11  Ibid.  1891,  24,  439. 

§§  J.C.S.  1875,  28,  514.  ||||  Ber.  1873,  6,  439. 

HH  Ibid.  1878,  11,  152,  1698. 
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were  due  to  Wallach.  Taking  advantage  of  Tilden's  important 
discovery  of  the  nitrosochlorides,  Wallach  had  in  1883  com- 
menced a  detailed  study  of  the  terpenes.  On  evidence,  which 
will  be  summarised  in  the  sequel,  he  came  to  the  conclusion  that 
pinene  contained  only  one  ethylenic  linkage,  since  it  gave  with 
hydrogen  chloride  a  monohydrochloride,  the  dihydrochloride  being 


HoC.HC 


C— 


H2C  CH 


H2  CH3 
(I) 

a  secondary  product.  He  regarded  pinol  and  pinol  hydrate 
(sobrerol)  (Vol.  i,  p.  387)  as  primary  oxidation  products  and  he 
emphasised  the  importance  of  a  determination  of  their  constitu- 
tion for  the  elucidation  of  that  of  pinene.  In  two  memoirs 
published  in  1887,*  he  advanced  the  very  important  suggestion 
that  the  terpenes  in  general  might  be  regarded  as  polymerisation 
products  of  the  pentene,  isoprene,  C5H8,  and  using  this  as  the 
basis,  he  suggested  three  general  formulae,  (II)  and  (III)  being 
representative  of  Tilden's  classes  (i)  and  (ii),  whilst  (IV)  repre- 
sented the  sesquiterpenes. f 

CH3  CH3 

d)H  CH  CH2  CH2 

HC^CH,  HC^CHj  HgC.HC^H^H.CHa 

Hi  H<!     CH  HC     (i  CH 


C  CH 

I 


Yh 


CH  CH 

H3C     CH3  H3C  CH3 

(II)  (III)  (IV) 

*  Annalen,  1887,  238,  78. 

f  It  has  been  pointed  out  by  Kondakov  (J.  pr.  Chem.  1909,  [ii],  80,  455)  that 
Wallach  was  anticipated  in  his  suggestion  that  pinene  contained  a  para  bond  by 
Kanonnikov,  who  made  similar  suggestions  in  a  pamphlet  entitled,  Uber  einige 
Eigenschaften  der  Terpene  und  ihr  Verhalten  zu  einander,  published  in  Kasan  in 
1880.  This  pamphlet,  which  was  written  in  the  Russian  language,  was  unfortunately 
overlooked  by  subsequent  workers  and  exerted  little  influence  on  the  development 
of  terpene  chemistry. 
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Wallach  considered  that  the  reactions  of  pinene  were  in  accord 
with  a  substance  of  formula  (II),  but  some  years  later*  he  modi- 
fied it  somewhat  to  (V) ;  pinol  was  regarded  as  the  unsaturated 
oxide  (VI)  and  sobrerol  as  (VII),  both  being  formed  by  the  fission 
of  the  para  bond.  The  evidence  leading  to  these  formulae  has 
been  discussed  already  (Vol.  I,  p.  387). 

CH3  CH3  CH3 
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HC     CH  HCX   CH  H<\  CH2 

H2C    \}H  H2C  °\C!H  H^  °4jH 


H  CH  CH 


CH  CH 


H3C     CH3  H3C     CH3  H3C  CH3 

(V)  (VI)  (VII) 

This  formulae  for  pinene  accounted  for  its  hydration  to  terpin 
(VIII),  which  would  pass  readily  into  cineole  (IX)  and  terpineol 
(X).  An  explanation  was  also  afforded  for  the  isomerisation  of 
pinene  to  the  monocyclic  hydrocarbons,  dipentene,  terpinene 
and  terpinolene,  together  with  the  oxidation  of  pinol  to  ter- 
penylic  and  terebic  acids. 


CH3 

CH3 

CH3 

C.OH 
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H2C  I  CH2 
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H2C  CH2 
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H2C  CH2 
H2C  CH^ 
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H2C  CH 
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(VIII) 

H3C  CH3 
(IX) 

/\ 

H3C  CH3 
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In  reviewing  the  evidence  which  was  available  at  the  time, 
there  seems  to  be  adequate  justification  for  the  view  expressed 
by  Wallach,  that  the  constitution  of  pinene  was  firmly  esta- 
blished, and  the  formula  advocated  received  support  from  the 


*  Ber.  1891,  24,  1552;  Annalen,  1891,  268,  210. 
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observation  of  Briihl,*  who  deduced  from  a  determination  of  its 
molecular  refraction  that  the  hydrocarbon  contained  only  one 
ethylenic  linkage. 

The  modified  formulae  for  pinene  and  sobrerol  (XI)  and  (XII) 
suggested  by  Wagnerf  in  1891  do  not,  as  remarked  by  Wallach,  { 
show  any  real  advance,  but  they  are  of  importance,  since  they 
led  Wagner  to  devise  experiments  which  later  resulted  in  a 
solution  of  the  problem  of  the  constitution  of  pinene. 


C  0 — c 
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H2C 


CH2  HO.C  CH2 

D     CH  HoC  CH2 


XCH 

CH  CH 


H3C     CH3  H3C 
(XI)  (XII) 

As  mentioned  previously  (Vol.  i,  p.  387),  pinol  was  first 
obtained  by  Wallach  and  Otto  §  as  a  by-product  in  the  prepara- 
tion of  pinene  nitrosochloride.  On  treatment  with  bromine,  it 
yields  a  dibromide  from  which,  by  the  action  of  lead  hydroxide, 
pinol  glycol  can  be  prepared.  ||  These  reactions  may  be  repre- 
sented schematically : 

C10H16  >  C10H16O   >•  C10H16OBr2  >  C10H16O(OH)2. 

Both  Wagner  and  Wallach  regarded  pinol  as  an  oxidation 
product  of  pinene,  whilst  Wagner  considered  pinol  glycol  to  be 
a  direct  oxidation  product  of  pinol.  This  being  the  case,  the 
glycol  must  be  formed  by  the  oxidation  of  an  ethylenic  linkage, 

— CH  :  CH  >  — CHOH— CHOH— ,  since  this  reaction  had 

been  observed  by  Wagner  to  be  general.  He  now  drew  attention 
to  the  somewhat  remarkable  fact  that,  whereas  both  pinene  and 
pinol  gave  on  oxidation  terebic  acid  (XIV),  pinol  glycol  gave 
terpenylic  acid  (XIII). 

It  was  known  at  the  time  from  the  synthetical  investigations 

*  Annalen,  1886,  235,  66.  t  Ber.  1891>  24,  218. 

%  Annalen,  1892,  268,  210.  §  Ibid.  1889,  253,  249. 

||  Wallach,  Annalen,  1890,  259,  311;  1892,  268,  222. 
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of  Schryver,*  that  Wallach's  suggestion  f  that  terpenylic  acid 
was  the  lactone  of  ^-^opropylglutaric  acid  was  correct,  and  that 
terebic  acid  was  obviously  the  lower  homologue.  Wagner  and 

00— 0  C0,H 
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HqC  .  C  .  CHo 


CH2 


OC— 0 
H2C 


C.C.CH3 


CH  CH 
(XIII)  (XIV) 

SlawinskiJ  now  showed  that,  if  pinol  was  carefully  oxidised  with 
potassium  permanganate,  it  did  actually  give  pinol  glycol,  a 
direct  proof  of  the  presence  of  an  ethylenic  linkage  in  pinol,  and 
that  on  further  oxidation  terpenylic  acid  was  obtained.  Since 
the  arrangement  of  eight  of  the  ten  carbon  atoms  in  pinol  glycol 
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*  J.C.S.  1893,  63,  1327.  f  Annalen,  1890,  259,  322. 

t  Ber.  1894,  27,  1644. 
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is  thus  established,  it  only  remained  to  determine  the  position 
of  the  group  — C .  CH3 .  If  the  oxidation  of  pinol  to  pinol  glycol 
and  terpenylic  acid  proceeds  without  any  molecular  rearrange- 
ment, then  obviously  pinol  can  only  have  either  formula  (XV) 
or  (XVI)  and  the  glycol  (XVII)  or  (XVIII).  An  inspection  of 
these  formulae  shows  that  the  degradation  of  either  (XVII)  or 
(XVIII)  would  lead  to  terpenylic  acid.  These  constitutional 
formulae  for  pinol  and  pinol  glycol  are  supported  by  the  ex- 
periments of  Wagner  and  Ginsberg*  on  the  oxidation  of  pinol 
hydrate  or,  as  it  is  usually  called,  sobrerol.  Sobrerol  was  con- 
sidered by  Wallach  to  be  the  saturated  oxide-alcohol  (VII) 
(p.  92),  whilst  Wagner  now  regarded  it  as  an  unsaturated  glycol, 
which  might  have  either  formula  (XIX)  or  (XX),  depending 
upon  whether  pinol  was  (XV)  or  (XVI).  In  the  former  case  an 
erythritol  (XXII)  should  result  on  careful  oxidation,  the  formula 
(XX)  being  considered  improbable,  since  a  substance  possessing 
this  constitution  might  be  expected  to  show  the  properties  of 
the  tautomeric  ketonic  alcohol  (XXI). 
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Wagner  and  Ginsberg  found  that,  on  oxidation,  sobrerol 
actually  gave  an  erythritol,  and  it  now  became  possible  to  account 
for  the  difference  in  properties  between  pinol  and  sobrerol,  and 
also  to  suggest  a  new  formula  for  pinene  (XXIII)  which  ex- 
plained readily,  not  only  the  formation  of  these  substances,  but 
also  its  hydration  to  a-terpineol  (XXIV)  and  the  dehydration  of 
this  alcohol  to  dipentene  (XXV).  The  various  reactions  which 
are  involved  are  shown  in  the  scheme  on  p.  96. 


*  Ber.  1894,  27,  1644,  2270;  1896,  29,  1195. 
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Whilst  these  reactions  were  all  of  them  very  simply  accounted 
for  by  Wagner's  formula  for  pinene,  there  was  no  direct  evidence 
of  the  presence  of  the  ci/cZobutane  ring  and,  in  view  of  its  novelty, 
it  is  not  remarkable  that  it  did  not  at  first  meet  with  general 
approval.  It  was  only  firmly  established  after  a  series  of  re- 
markable investigations,  which  we  owe  to  the  genius  of  Baeyer,* 
and  to  a  somewhat  lesser  extent  to  those  of  Tiemann  and 
Semmler.f  Before,  however,  proceeding  to  a  consideration  of 
these,  it  will  be  convenient  to  describe  here  some  other  experi- 
ments of  Wagner,  which  led  him  to  suggest  an  alternative  formula 
for  pinene. 

By  the  oxidation  of  pinene  with  cold  dilute  potassium 
permanganate  solution  (1  per  cent.)  Wagner {  obtained  a  glycol,§ 
C10H16(OH)2,  which,  when  treated  with  dilute  sulphuric  acid, 
gave  pinol.  The  conversion  into  pinol  proceeded  evidently  by 
the  hydration  of  the  q/cfobutane  ring  in  the  glycol  with  the 
formation  of  the  menthane-triol  (XXVI),  which  by  loss  of  water 
passed  into  sobrerol  and  finally  into  pinol.  The  facility  with 
which  the  glycol  passed  into  pinol  led  Wagner  to  suggest  the 
possibility  that  pinene  might  be  represented  by  (XXIII  a),  the 
reactions  then  proceeding  in  accordance  with  one  of  the  two 
schemes  set  out  on  p.  98. 

The  classical  experiments  of  Baeyer,  which  must  now  be 
discussed,  showed  beyond  question  that  pinene  could  only  be 
represented  by  (XXIII) .  At  the  time  (1895)  when  Baeyer  carried 
out  these  experiments,  he  had  established  the  presence  of  a 
cyclopropane  ring  in  the  dicyclic  ketone,  carone  (p.  69),  and  it  is 
not  surprising,  therefore,  that  the  formula  suggested  by  Wagner 
made  a  special  appeal  to  him,  the  more  especially  so,  since  the 
early  work  on  the  synthesis  of  polymethylene  derivatives  had 
been  carried  out  by  Perkin  in  his  laboratory. ||  Baeyer  studied 
the  acids  which  were  formed  by  the  oxidation  If  of  pinene  with 
potassium  permanganate,  which  he  showed  to  consist  mainly  of 

*  Ber.  1896,  29,  3,  326,  1907,  2775. 

t  Ibid.  1895,  28,  1344;  1896,  29,  128,  529. 

%  Ibid.  1894,  27,  2270. 

§  Subsequent  experiments  (p.  172)  have  shown  this  glycol  to  be  actually  a 
derivative  of  jS-pinene,  the  existence  of  which  was  at  the  time  unknown.  Tins  fact 
does  not  affect  Wagner's  argument. 

||  Cf.  Perkin,  Pedler  Lecture,  J.C.S.  1929,  p.  1347. 

U  A  detailed  discussion  of  this  oxidation  is  deferred  to  p.  126. 
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(a)  a  ketonic  monobasic  acid,  pinonic  acid,  C10H16O3  and  (6)  a 
ketonic  dibasic  acid,  pinoylformic  acid,  C10H14O5.  Pinonic  acid 
was  found  to  contain  a  CH3.CO —  group,  since,  on  treatment 
with  sodium  hypobromite,  it  passed  quantitatively  into  bromo- 
f orm  and  a  dibasic  acid,  pinic  acid,  C9H1404 .  The  formation  of 
an  acid  containing  the  group  CH3 — CO —  could  only  be  ex- 
plained, in  the  absence  of  isomerisation,  by  the  acceptance  of 
formula  (XXIII)  for  pinene,  when  pinonic  acid  would  be 
(XXVII)  and  pinic  acid  (XXVIII). 


CH  HC 

KMn04 
CH2  H2C 


CHBr 


CHOH 


CH 
(XXXI) 

Direct  evidence  of  the  presence  of  the  c^/cfobutane  ring 
structure  in  pinonic  and  pinic  acids  was  not  readily  obtained. 
Although,  as  will  be  seen  from  the  experiments  to  be  discussed, 
pinonic  acid  is  unstable,  pinic  acid  is  remarkably  stable  and  is 
obviously  a  cyclic  acid.   From  the  latter  by  the  action  of 
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bromine,  bromopinic  acid  (XXIX)  was  prepared,  which  on 
digestion  with  barium  hydroxide  gave  hydroxypinic  acid  (XXX). 
This  acid  was  an  a-hydroxy  acid,  since  it  gave  on  oxidation  with 
lead  peroxide  a  dibasic  acid,  norpinic  acid  (XXXI),  which,  like 
pinic  acid,  showed  remarkable  stability  and  resisted  all  further 
attempts  at  degradation.  Although  it  was  not  until  many  years 
later  that  synthetic  proof  of  the  correctness  of  Baeyer's  formula 
for  norpinic  acid  was  obtained  (see  p.  129),  indirect  evidence  was 
supplied  by  a  study  of  the  properties  of  pinonic  acid  and  pinoyl- 
formic  acid. 

Baeyer  found  that,  when  pinonic  acid  was  treated  with  dilute 
mineral  acids,  ring  fission  occurred  with  formation  of  a  ketonic 
lactone,  liomoterpenylmethyl  ketone  (XXXIII),  a  substance  which 
had  already  been  prepared  by  Wallach*  from  a-terpineol  (cf. 
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*  Ber.  1895,  28,  1775;  Annalen,  1893,  275,  153. 
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Vol.  i,  p.  225).  The  instability  of  the  cyclobutdbne  ring  in  pinonic 
acid  is  evidently  due  to  the  tendency  of  the  carbonyl  group  to 
enolise  (XXXII),  the  conversion  into  the  ketonic  lactone  then 
proceeding  in  accordance  with  the  scheme  (p.  100). 

Pinoylformic  acid  resembled  in  its  general  properties  pinonic 
acid  and  Baeyer  represented  it  by  (XXXIV).  It  was  charac- 
terised as  a  ketonic  dibasic  acid  by  the  preparation  of  the 
phenylhydrazone,  m.p.  192-5°,  and  was  undoubtedly  the  a-ketonic 
dibasic  acid  corresponding  to  pinonic  acid,  since,  on  oxidation 
with  lead  peroxide,  it  passed  into  pinic  acid  (XXVIII). 

Like  pinonic  acid,  and  for  the  same  reason,  pinoylformic  acid 
was  readily  converted  into  a  lactone  by  ring  fission,  giving  on 
treatment  with  dilute  sulphuric  acid  homoterpenylformic  acid 
(XXXV).  The  constitution  of  this  acid  was  proved  by  its  ready 
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oxidation  to  homoterpenylic  acid  (XXXVI),  m.p.  100-101°, 
synthesised  many  years  later  by  Simonsen,*  terpenylic  and 
terebic  acids. 

During  these  experiments  Baeyer  separated  from  amongst  the 
oxidation  products  of  pinene  a  small  quantity  of  an  acid,  which 
gave  a  sparingly  soluble  sodium  salt.  This  acid,  nopinic  acid,  was 
isomeric  with  pinonic  acid,  but  was  an  a-hydroxy  acid,  since  it 
gave  on  oxidation  with  lead  peroxide  a  ketone,  nopinone,  C9H140. 
Baeyer  recognised  that  this  acid  could  not  be  derived  from  the 
same  hydrocarbon  as  pinonic  acid  and  it  was  obvious  that  pinene 
was  not  homogeneous,  but  a  mixture  of  two  hydrocarbons,  (i) 
a-pinene,  which  had  the  Wagner  formula  (XXIII)  and  gave  on 
oxidation  pinonic  acid,  and  (ii)  fi-pinene  giving  on  oxidation 
nopinic  acid.  This  latter  hydrocarbon  was  in  all  probability 
(XXXVII)  having  an  exocyclic  ethylenic  linkage,  when  nopinic 
acid  would  be  (XXXVIII)  and  nopinone  (XXXIX).  Subsequent 
experiments,  which  were  carried  out  with  a-pinene  prepared 
from  the  nitrosochloride,  confirmed  this  conclusion  since  the 
hydrocarbon  did  not  yield  any  nopinic  acid.j 


CH 
(XXXVII) 


HC 


KMn04  H3C.C.CH3 
CH2   ►  H2C 


CH 
(XXXVIII) 


PbO, 


CH, 


CH 
(XXXIX) 


Although  Baeyer  had  apparently  provided  a  rigid  experimental 
proof  of  the  correctness  of  Wagner's  formula  for  a-pinene,  some 
doubt  appeared  to  be  cast  upon  it  by  the  contemporaneous 

*  J.C.S.  1907,  91,  190. 

f  Baeyer  suggested  later  an  erroneous  explanation  to  account  for  the  formation 
of  nopinic  acid  from  a-pinene  (cf.  p.  163).  The  observation  of  Wagner  and  Ertschi- 
kowski  (Ber.  1896,  29,  883)  that  the  lower  homologue  of  pinonic  acid,  pinononic  acid, 
is  also  formed  by  the  oxidation  of  a-pinene,  has  likewise  been  shown  to  be  incorrect 
(see  p.  198). 


ch.  in  PINANE  AND  ITS  DERIVATIVES  103 


experiments  of  Tiemann  and  Semmler.  (The  more  important 
references  to  this  work  are  given  on  p.  97.)  In  contradiction  to 
Baeyer  these  authors  found  that  the  ketonic  acid,  C10H16O3, 
which  was  formed  by  the  oxidation  of  pinene,*  was  an  oil  which 
did  not  yield  a  dibasic  acid  and  bromoform  when  treated  with 
sodium  hypobromite. 

This  liquid  acid  they  called  pinonic  acid  and  they  suggested 
that  Baeyer's  acid  was  an  isomeric  acid,  which  they  designated 
a-pinonic  acid.  To  obtain  an  insight  into  the  constitution  of 
pinonic  acid  Tiemann  and  Semmler  investigated  the  products 
formed,  when  it  was  oxidised  with  nitric  acid,  chromic  acid  and 
potassium  permanganate  in  hot  alkaline  solution.  With  nitric 
acid  only  terebic  acid  was  obtained,  whilst  with  chromic  acid  a 
number  of  important  degradation  products  were  formed,  the 
chief  being  (i)  a  ketonic  dibasic  acid,  isoketocamphoric  acid, 
C10H16O5,  identical  with  an  acid  prepared  previously  by  Thielf 
by  the  oxidation  of  a-campholenic  acid,  (ii)  a  tribasic  acid, 
isocamphoronic  acid,  C9H1406,  and  (hi)  terebic  acid.  From  the 
oxidation  with  potassium  permanganate  they  obtained  (i)  a 
tribasic  acid,  dimeihyltricarballylic  acid,  C8H1206,  (ii)  a  hydroxy 
dibasic  acid,  hydroxytrimethylsuccinic  acid,  C7H1205,  and  (iii)  a 
lactonic  dibasic  acid,  C9H1206,  the  lactone  of  hydroxyisocam- 
phoronic  acid,  C9H1407 . 

These  degradation  products  were  considered  by  Tiemann  and 
Semmler  to  indicate  a  very  close  structural  relationship  between 
pinene  and  camphor,  a  view  which  was  supported  by  the 
observation  J  that  a-campholenic  acid  could  be  converted  through 
dihydroxydihydro-a-campholenic  acid  into  pinonic  acid.  It  had 
been  suggested  by  Tiemann  §  that  camphor  was  most  probably 
represented  by  formula  (XL),  and  he  therefore  advanced  formula 
(XLI)  for  pinene,  when  pinonic  acid  would  be  the  c?/cfopentane 
acid  (XLII).  This  formula  would  account  also  for  its  formation 
from  a-campholenic  acid  (XLIII),  since  this  acid  yields  on 
oxidation  the  dihydroxy  acid  (XLIV),  which  would  on  distilla- 
tion pass  into  pinonic  acid  (XLII). 

*  In  all  the  experiments  carried  out  during  this  period  the  pinene  used  was  a 
mixture  of  a-  and  /?-pinenes  of  varying  degrees  of  optical  purity, 
t  Ber.  1893,  26,  922. 
%  Tiemann,  Ibid.  1896,  29,  3014. 
§  Ber.  1895,  28,  1079. 
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To  account  for  the  existence  of  Baeyer's  crystalline  pinonic 
acid  for  which  they  accepted  the  c?/cZobutane  structure,  Tiemann 
and  Semmler  suggested  that  it  was  formed  in  accordance  with 
the  scheme  set  out  below,  when  the  hypothetical  oxide  (XLV) 
might  pass  either  into  a  ct/dopentane  or  ci/dobutane  ring. 
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Shortly^  afterwards  Tiemann  and  Semmler*  found  that  their 
liquid  pinonic  acid  could  be  obtained  crystalline  and  was  in  fact 
identical  with  Baeyer's  acid.  They  concluded  therefore  that  the 
cyclobutdbiie  acids,  pinic  and  norpinic  acids,  were  formed  from 
pinonic  acid  by  a  molecular  rearrangement. 

It  is  necessary  now  to  consider  in  greater  detail  the  evidence, 
outlined  above,  upon  which  the  ci/cfopentane  formula  for  pinonic 
acid  was  based.  The  oxidation  with  chromic  acid  to  isoketo- 


*  Ber.  1896,  29,  128. 
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camphoric  acid  (XLVI)  and  ^ocamphoronic  acid  (XLVII)  was 
considered  to  proceed  in  the  following  manner : 
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Since  isoketocamphoric  acid,  m.p.  129-130-5°,  semicarbazone, 
m.p.  187°,  oxime,  m.p.  185-186°,  was  oxidised  by  sodium 
hypobromite  to  ^ocamphoronic  acid,*  it  was  of  fundamental 
importance  to  determine  the  constitution  of  the  latter  acid,  more 
especially  since  Baeyer  formulated  the  reactions  mentioned  above 
in  the  following  manner,  isoketocamphoric  acid  and  ^socam- 
phoronic  acid  being  given  the  alternative  formulae  (XLVIII)  and 
(XLIX)  respectively. 
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If  Baeyer's  formula  for  isocamphoronic  acid  was  correct,  it  was 
difficult  to  explain  the  observation  of  Tiemann  and  Semmler  that 
this  acid,  when  treated  with  concentrated  sulphuric  acid,  gave 
terpenylic  acid  and,  on  further  oxidation  with  potassium  per- 
manganate, dimethyltricarballylic  acid  (L),  two  substances  which 
are  readily  derivable  from  an  acid  having  the  formula  (XLVII). 

The  synthesis  of  ^ocamphoronic  acid  by  Perkinf  furnished 
conclusive  proof  that  this  acid  had  the  formula  which  had  been 
given  to  it  by  Tiemann  and  Semmler.  It  may  be  mentioned 
that  Perkin  and  Thorpe  J  had  previously  prepared  an  acid  having 
the  constitution  suggested  by  Baeyer,  which  had,  however, 
properties  completely  different  from  those  of  ^ocamphoronic 
acid.  It  follows  therefore  that  Tiemann  and  Semmler 's  formula 
(XLVI)  for  isoketocamphoric  acid  must  also  be  correct. 

*  Tiemann  and  Semmler,  Ber.  1895,  28,  1348. 

t  J.C.S.  1902,  81,  246.  J  Ibid.  1899,  75,  897. 
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Attention  must  now  be  given  to  the  products  obtained  from 
pinonic  acid  on  oxidation  with  potassium  permanganate  (p.  103). 
Two  of  these  afford  little  difficulty :  the  dimethyltricarballylic  acid, 
m.p.  149-151°,  anhydride,  m.p.  145-146°,  must  be  (L),  since  it 
is  identical  with  the  acid  obtained  by  the  oxidation  of  ^socam- 
phoronic  acid ;  whilst  the  hydroxydimethylsuccinic  acid  must  have 
formula  (LI),  since  on  reduction  it  yields  as-dimethylsuccinic  acid 
(LII).  Before,  however,  proceeding  to  a  consideration  of  the 
other  acid  which  was  obtained,  namely  the  lactone  of  hydroxyiso- 
camphoronic  acid,  m.p.  143-5°,  it  is  necessary  to  refer  to  some 
experiments  of  Baeyer  on  the  degradation  of  pinoylformic  acid, 
which  resulted  in  the  preparation  of  an  isomeric  lactone,  m.p. 
186°. 

When  pinoylformic  acid  (XXXIV)  is  oxidised  with  sodium 
hypobromite,  it  gives  a  ketonic  tribasic  acid,  a-ketoisocamphoronic 
acid,  C9H1207,  m.p.  186-187°  (LIII),  the  reaction  being  formu- 
lated by  Baeyer  in  accordance  with  the  scheme  on  p.  107,  fission 
of  the  c?/cZobutane  ring  being  assumed  to  occur  with  the  inter- 
mediate formation  of  a  dike  tonic  acid.  Oxidation  of  a-keto^socam- 
phoronic  acid  with  lead  peroxide  gave  dimethyltricarballylic  acid 
(L)  identical  with  the  acid  obtained  by  Tiemann  and  Semmler  by 
the  oxidation  of  pinonic  acid  with  chromic  acid.  The  constitution 
of  the  tricarballylic  acid  was  proved  by  Baeyer,  who  showed  that 
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on  bromination  it  gave  the  lactone  of  hydroxydimethyltricarballylic 
acid  (LVI),  which,  on  fusion  with  potassium  hydroxide,  yielded 
dbs-dimethylsuccinic  acid  (LVII)  and  oxalic  acid. 
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The  reduction  of  a-keto^ocamphoronic  acid  (LIII)  with 
sodium  amalgam  led  to  a  hydroxy  acid  (LIV),  which  was  isolated 
in  the  form  of  a  lactone,  m.p.  186°,  which  Baeyer  represented  by 
(LV),  since,  on  reduction  with  hydriodic  acid,  ^ocamphoronic 
acid  (XLIX)  was  obtained.  Now  it  has  been  proved  by  the 
synthetical  experiments  of  Perkin  that  ^ocamphoronic  acid 
cannot  have  the  formula  (XLIX),  and  it  follows  therefore  that, 
unless  a  profound  molecular  rearrangement  occurs  on  reduction 
of  the  lactone,  it  cannot  have  formula  (LV). 

It  has  been  pointed  out  by  Perkin  and  Thorpe*  that  a-keto- 
^socamphoronic  acid  must  have  formula  (LVIII),  the  reaction 


*  J.C.S.  1913,  103,  1761. 
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investigated  by  Baeyer  actually  proceeding  in  accordance  with 
the  scheme: 


>C  CH  CH2  >C  CH  1 
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If  this  scheme  be  correct,  and  if  the  proof  of  the  constitution 
of  the  lactonic  acid  discussed  be  regarded  as  established,  the 
conversion  of  pinoylformic  acid  into  a-keto^ocamphoronic  acid 
involves  a  molecular  rearrangement.  A  consideration  of  the 
formula  of  the  hydroxy  acid  (LIX)  formed  by  the  reduction  of 
a-keto^ocamphoronic  acid  shows  that  the  hydroxy  group  is  in  the 
y-position  to  two  of  the  carboxyl  groups  and  it  can  therefore  give 
rise  to  two  lactones  (LX)  and  (LXI) ;  further,  both  these  lactones 
can  exist  in  caVJnms-modifications.  Confirmation  of  Perkin  and 
Thorpe's  formula  for  Baeyer's  lactone  has  been  obtained  from 
quite  a  different  field  of  research.  It  was  found  by  Aschan*  that 
dehydrocamphenic  acid  (LXII)  on  oxidation  with  dilute  nitric 
acid  gave  a  lactonic  acid,  C9H1206,  m.p.  256°.  This  lactone,  when 
heated  to  100°  with  sulphuric  acid,  isomerised  to  a  lactonic  acid, 
m.p.  185-186°,  undoubtedly  identical  with  Baeyer's  lactonic 
acid.  The  two  acids,  m.p.  256°  and  185-186°,  are  regarded  by 
Aschan  as  cis-trans -isomerides,  the  higher  melting  and  less 
soluble  acid  being,  according  to  convention,  assigned  the  trans- 
configuration.-j*  According  to  Lippf  the  oxidation  of  dehydro- 

*  Annalen,  1910,  375,  331;  1913,  398,  303. 

t  Since  Aschan  retains  Baeyer's  formula  for  isocamphoronic  acid,  which  the 
synthetical  investigations  of  Perkin  have  shown  to  be  erroneous,  the  formulae 
suggested  by  him  for  the  lactonic  acids  need  not  be  considered. 

t  Ber.  1914,  47,  871. 


CH.  Ill 


PINANE  AND  ITS  DERIVATIVES 


109 


camphenic  acid  (LXII)  proceeds  in  the  following  manner.  On 
warming  the  unsaturated  acid  with  dilute  nitric  acid  it  passes 
first  into  the  isomeride  (LXIII),*  which  being  a  j8  :  y-unsaturated 
acid  gives  the  lactone  (LXIV),  which  is  then  oxidised  to  the 
lactonic  acid,  m.p.  256°  (LX). 
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Aschan  showed  that  both  lactonic  acids  (m.p.  256°  and  185- 
186°)  gave  on  reduction  ^ocamphoronic  acid,  whilst,  on  fusion 
with  potassium  hydroxide,  formic,  succinic  and  ^obutyric  acids 
were  obtained.  This  latter  reaction  Lipp  regards  as  a  satisfactory- 
proof  of  the  constitution  of  the  lactonic  acids,  fission  occurring 
as  indicated  by  the  dotted  lines. 

H3Cs      i  H3C\ 


OC-4-0 


It  has,  however,  been  pointed  out  by  Perkin  and  Thorpe  that, 
if  the  decomposition  proceeds  in  a  manner  analogous  to  that  of 

*  This  is  analogous  to  the  change  of  a-campholenic  acid  into  j8-campholenic  acid 
(see  p.  361). 
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the  lactone  derived  from  hydroxydimethyltricarballylic  acid 
(p.  107),  these  three  acids  should  actually  be  formed  from  a 
lactonic  acid  having  the  structure  (LXI),  whilst  that  having 
formula  (LX)  might  be  expected  to  give  either  dimethyl  or 
trimethylsuccinic  acid. 
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Although  the  constitution  of  Baeyer's  lactonic  acid  cannot  be 
regarded  as  rigidly  proved,  it  is  undoubtedly  represented  by 
either  formula  (LX)  or  (LXI),  the  latter,  on  the  evidence  at 
present  available,  being  the  more  probable.  If  this  conclusion 
be  accepted,  it  follows,  with  a  considerable  degree  of  probability, 
that  the  isomeric  lactonic  acid,  m.p.  143-5°,  obtained  by  Tiemann 
and  Semmler  by  the  oxidation  of  pinonic  acid  with  potassium 
permanganate  (p.  103),  must  be  either  the  cis-  or  tans-modifica- 
tion of  (LX). 

The  main  analytical  evidence  bearing  on  the  constitution  of 
a-pinene  has  now  been  outlined,  and  it  remains  only  to  discuss 
in  how  far  it  supports  Wagner's  formula  (XXIII)  for  this 
hydrocarbon.  Whilst  this  formula  is  in  complete  accord  with 
its  hydration  products,  terpin,  a-terpineol,  and  its  oxidation 
products  pinol  and  sobrerol,  the  main  proof  lies  in  the  experi- 
mental investigations  of  Baeyer,  and  this  proof  would  appear  to 
be  absolutely  rigorous.  There  can  be  no  doubt  that  norpinic  acid 
is  the  cyclobut&ne  acid  (XXXI),  since  this  has  been  established 
synthetically  (p.  129).  None  of  the  reactions  involved  in  the 
preparation  of  this  acid  is  likely  to  cause  any  molecular  re- 
arrangement, and  it  seems  justifiable  to  accept  the  presence  of 
the  ci/cZobutane  ring  in  a-pinene  (XXIII). 

There  are  three  abnormal  reactions  to  which  reference  has 
already  been  made,  which  must  now  be  discussed.  There  is  in 
the  first  place  the  formation  of  pinonic  acid  from  a-campholenic 
acid  (LXV)  (cf.  p.  103).  When  a-campholenic  acid  is  oxidised 
with  potassium  permanganate  the  dihydroxy-acid  (LXVI)  is 
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obtained,  which  on  distillation  yields  pinonic  acid  (XXVII).  This 
somewhat  remarkable  change  of  a  ct/cZopentane  ring  into  a  cyclo- 
butane  ring  involves  a  rearrangement  of  the  pinacone-pinacoline 
type,  the  theory  of  which  is  discussed  later  (p.  132).* 
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The  second  anomalous  reaction  is  the  oxidation  of  pinonic  acid 
to  ^soketocamphoronic  acid  (XLVI).  This  change  must  also  be 
assumed  to  take  place  with  the  intermediate  formation  of  a 
dihydroxy  derivative,  the  dihydroxy ketone  (LXVII),  which  then 
undergoes  the  pinacone-pinacoline  rearrangement,  followed  by 
oxidation. 

Finally  the  conversion  of  pinoylformic  acid  (XXIV)  into 
a-keto^ocamphoronic  acid  (LVIII)  by  the  action  of  sodium 
hypochlorite  probably  proceeds  in  an  analogous  manner,  the 
oxidation  being  in  this  case,  however,  more  profound. 

*  Cf.  Ruzicka  and  Trebler,  Helv.  Chim.  Acta,  1921,  4,  666. 
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It  may  be  concluded  that  Wagner's  formula  for  a-pinene  is 
established  on  a  firm  analytical  basis  and  it  has  been  confirmed 
by  a  partial  synthesis  from  pinonic  acid,  which  has  been  carried 
out  by  Ruzicka  and  Trebler .  *  The  starting-point  for  this  ingenious 
synthesis  was  e^-ethyl  pinonate  (LXVIII)  which,  when  condensed 
with  ethyl  chloroacetate  in  the  presence  of  sodium  ethylate,  gave 
the  glycidic  ester  (LXIX),  b.p.  140-150°/0-l  mm.,  and  from  this, 
by  hydrolysis,  the  acid  (LXX),  m.p.  128°,  was  prepared.  When 
this  acid  was  heated  above  its  melting-point  it  gave  homopino- 
camphoraldehyde  (LXXI),  b.p.  130-140°/0-3  mm.,  semicarbazone, 
m.p.  193-195°,  and  this  aldehyde,  on  oxidation  with  potassium 
permanganate,  was  converted  into  homopinocamphoric  acid 


*  Helv.  Chim.  Acta,  1920,  3,  756;  1921,  4,  666;  1924,  7,  489. 
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(LXXII),  an  oil,  the  ethyl  ester  (LXXIII)  of  which  boiled  at 
130°/1  mm. 
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An  attempt  to  convert  homopinocamphoric  acid  into  the 
dicyclic  ketone  by  distillation  of  the  lead  salt  was  unsuccessful,* 
but,  by  the  action  of  sodium  on  the  ethyl  ester  in  xylene  solution, 
a  ketonic  ester  was  obtained,  which  on  hydrolysis  with  dilute 
hydrochloric  acid  gave  dl-pinocamphone^  (LXXIV)  identical  in 
all  respects  with  the  ketone  which  had  been  previously  prepared 
(see  p.  192). 

The  next  stage  in  the  synthesis  involved  a  reduction  of 
pinocamphoneoxime  (LXXV)  to  pinocamphylamine  (LXXVI),  a 
base  described  previously  by  WallachJ  and  by  Tilden§  (see 
p.  196).  This  base  was  converted  by  the  usual  methods  into 
pinocamphyltrimethylammonium  hydroxide  (LXXVII),  which,  on 
distillation  under  diminished  pressure,  gave  a  mixture  of  a 
hydrocarbon  and  pinocamphyldimethylamine  (LXXVIII).  The 
hydrocarbon  so  prepared  was  not  pure  a-pinene,  but  was  a 
mixture  of  a-pinene  (LXXX)  and  S-pinene  (LXXXI),  a  result 
which  was  to  be  anticipated  from  the  method  of  preparation. 
a-Pinene  was  readily  identified  in  the  mixture  by  the  preparation 
of  pinene  nitrosochloride,  whilst,  on  oxidation,  in  addition  to 
pinonic  acid,  pinocamphoric  acid  (LXXXII),  m.p.  186-187°,  an 
acid  originally  prepared  by  Wallach||  by  the  oxidation  of  pino- 
camphone,  was  obtained. 

A  partial  synthesis  of  cc-pinene  had  been  described  many  years 
before  by  Tschugaev,H  who  prepared  the  hydrocarbon  by  the 
distillation  of  l-methylpinocamphylxanthate  (LXXXIII).  In  this 
case  also,  the  hydrocarbon  was  undoubtedly  a  mixture  of  a-  and 
8-pinenes,  since  Gildemeister  and  Kohler**  have  shown  that  on 
oxidation  an  acid,  one  of  the  optically  active  modifications  of 
pinocamphoric  acid  (LXXXII)ff ,  m.p.  192°,  is  formed. 

a-Pinene  can  be  characterised  by  the  preparation  of  the 
nitrosochloride,  which  usually  melts  at  103°,  although  higher 
melting-points  have  been  recorded  (see  p.  151).  The  identity  may 

*  Cf.  Bonsdorff,  Ber.  1911,  44,  3208. 

t  From  Z-ethyl  pinonate  Ruzicka  and  Trebler  prepared  a  small  quantity  of 
Z-pinocamphone,  but  this  was  not  obtained  pure. 
$  Annalen,  1900,  313,  367. 
§  J.C.8.  1906,  89,  1560. 
||  Annalen,  1901,  346,  236. 
1  J.  Buss.  Phys.  Chem.  Soc.  1907,  39,  1324. 
**  Wallach  Festschrift,  1909,  p.  414. 

tt  For  an  indirect  synthesis  of  a-pinene  from  /J-pinene  see  p.  169. 
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be  confirmed  by  conversion  of  the  nitrosochloride  into  the 
?iitrolpiperide,  m.p.  118-119°,  or  the  nitrolbenzylamine,  m.p.  122- 
123°.  If  the  «-pinene  has  a  high  optical  rotatory  power,  the 
crystalline  optically  inactive  nitrosochloride  may  fail  to  separate 
for  reasons  which  are  discussed  on  p.  151.  In  such  cases  the 
presence  of  the  hydrocarbon  can  be  established  by  its  oxidation 
with  potassium  permanganate  to  pinonic  acid. 

Since  a-pinene  contains  two  asymmetric  carbon  atoms,  the 
hydrocarbon,  as  separated  from  the  various  essential  oils,  shows 
marked  variations  in  its  optical  rotatory  power  and  the  prepara- 
tion of  the  optically  pure  terpene  free  from  isomerides  is  a  matter 
of  considerable  difficulty.*  According  to  Dupont  and  Desalbresf 
fractional  crystallisation  at  a  low  temperature,  —  75°,  has  no 
advantages  over  fractional  distillation  as  a  method  of  purifica- 
tion, although  the  velocity  of  crystallisation  serves  as  a  good 
standard  of  purity.  DarmoisJ  has  found  the  pure  d-  and  Z-forms 
to  melt  at  —  50°,  whilst  they  boil  at  156°/760  mm.,  Dupont  and 
Desalbres  giving  the  following  constants  for  the  two  forms: 
d-a-pinene,  d15°  0-8620,  1-4650,  [a]D  +  48-85°,  velocity  of 
crystallisation  at  —  75°  34  mm.  per  minute ;  Z-a-pinene,  d15°  0-8620, 
n1^  1-4649,  [a]D  -  46-65°,  velocity  of  crystallisation  at  -  75° 
16-3  mm.  per  minute.  It  is  not  improbable,  although  higher 
rotatory  powers  have  been  recorded,  that  these  two  specimens 
were  nearly  optically  pure.  This  view  is  supported  by  the  obser- 
vations of  Darmois,§  who  has  shown  that  it  is  possible  to  estimate 
with  a  high  degree  of  accuracy  the  percentage  of  cZ-a-pinene  in 
admixture  with  Z- a-pinene  by  a  determination  of  the  rotatory 
dispersion,  d-  and  Z-a-Pinenes  of  high  purity  have  been  prepared 
by  Lynn||  and  by  Thurber  and  ThielkeH  by  decomposition  of  the 
optically  active  nitrosochlorides  (p.  151),  the  observed  rotatory 
powers  being  51-14°  and  -51-28°. 

*  Theoretically  a-pinene  should  be  capable  of  existing  in  two  dextro-  and  two 
laevo -rotatory  forms  in  addition  to  geometric  isomerides  occasioned  by  the  existence 
of  the  ethylenic  linkage.  No  evidence  of  the  existence  of  such  isomerides  has  been 
obtained;  the  suggested  presence  of  an  isomeric  form  of  d- a-pinene  in  Port  Orford 
cedar  wood  oil  (Thurber  and  Roll,  Ind.  Eng.  Chem.  1927,  19,  739)  is  unsupported 
by  adequate  experimental  evidence. 

f  Bull.  Soc.  chim.  1923  [iv],  33,  1252. 

t  Compt.  rend.  1909,  149,  732. 

§  Ibid.  1909,  149,  730;  cf.  Pariselle,  Ann.  Chim.  1923  [ix],  19,  130. 

H  J.  Amer.  Chem.  Soc.  1919,  41,  361.  11  Ibid.  1931,  53,  1030. 
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e^-a-Pinene  can  be  readily  obtained  in  a  state  of  purity  and 
free  from  jS-pinene  by  the  decomposition  of  pinene  nitroso- 
chloride  with  aniline,  a  reaction  discovered  by  Wallach*  (see 
p.  152),  who  observed  the  following  values  for  the  hydrocarbon 
purified  in  this  manner:  b.p.  155-156°,  d20°  0-858,  n2/  1-46553. 
There  is  no  evidence  that  e^-a-pinene  is  a  racemic  compound,  f 
The  molecular  refraction  of  a-pinene,  43-86,  shows  a  slight 
exaltation  over  the  calculated  value,  43-54,  but  as  has  been 
pointed  out  by  Ostling,{  the  conjugation  of  an  ethylenic  linkage 
with  the  c^cZobutane  ring  shows  no  special  effect.  The  absorption 
spectrum  of  a-pinene  in  the  ultra-violet  has  been  found  by 
Hantzsch  to  resemble  that  of  limonene,§  whilst  the  Raman 
spectrum  has  been  studied  by  Kastler||  and  by  Bonino  and 
CellaH.  According  to  Roth  and  Ostling**  the  heat  of  combustion 
of  a-pinene  is  1480-7  Kg.  cals. 

The  effect  of  high  temperatures  on  a-pinene  under  various 
conditions  has  been  studied  by  a  number  of  investigators. 
BerthelotJ  J  found  that  when  the  hydrocarbon  was  heated  under 
pressure  at  250-270°  dipentene  was  formed.  By  passing  the 
vapour  through  a  heated  iron  tube  Tilden§§  obtained  isoprene, 
2>-cymene,  benzene,  toluene  and  m-xylene,  whilst  Schultz|||| 
working  at  a  higher  temperature  obtained,  in  addition  to  the 
benzenoid  hydrocarbons,  naphthalene,  anthracene,  methyl  an- 
thracene and  phenanthrene.  These  early  experiments  have  been 
confirmed  by  Sabatier,  Maihle  and  Gaudion,lfH  who  have  found 
that  aromatic  hydrocarbons  are  obtained  in  varying  yields 
depending  upon  the  temperature,  when  the  terpene  is  vaporised 
over  copper,  nickel,  cobalt  and  iron  catalysts.  Semmler  and 
Jonas***  have  prepared  a  diterpene,  b.p.  170-180°/10  mm., 

*  Annalen,  1890,  258,  344.  t  Mitchell  and  Smith,  J.C.S.  1913,  103,  492. 

X  J.C.S.  1912,  101,  457.  §  Ber.  1912,  45,  553. 

||  Compt.  rend,  1930,  191,  565.        H  Nature,  1930,  126,  915. 
**  Ibid.  1913,  46,  323;  cf.  Auwers,  Roth  and  Eisenlohr,  Annalen,  1910,  373,  273; 
1911,  385,  107. 

tt  In  most  of  the  early  experiments  carried  out  with  pinene  a  mixture  of  a-  and 
/?-pinenes  was  used,  but  since  /J-pinene  isomerises  readily  to  a-pinene  this  factor  is 
probably  of  little  importance. 

tt  Ann-  chim.  1853  [iii],  37,  223;  39,  9;  cf.  Wallach,  Annalen,  1885,  227,  282. 

§§  J.C.S.  1884,  45,  411. 

Illl  Ber.  1877,  10. 

HH  Compt.  rend.  1919,  168,  926. 
***  Ber.  1914,  47,  2078. 
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d20°  0-8892,  nD  1-5162,  by  heating  a-pinene  to  270°,  whilst,  when 
treated  in  admixture  with  isoprene  by  a  concentrated  solution 
of  sulphuric  acid  in  acetic  acid,  a  sesquiterpene,  b.p.  135- 
137°/16  mm.,  d20°  0-891,  n™"  1-50144,  is  obtained. 

The  isomerisation  of  a-pinene  to  dipentene  occurs  at  com- 
paratively low  temperatures.  It  was  suggested  by  Smith*  that 
a-pinene  was  slowly  racemised  when  heated  at  184°  or  237°  and 
that  the  reaction  was  monomolecular.  This  interpretation  of  the 
results,  based  mainly  on  polarimetric  readings,  has  however 
been  shown  by  Conant  and  Carlsonf  to  be  incorrect,  the 
racemisation  being  due  to  the  slow  conversion  of  a-pinene  into 
dipentene  4 

Unlike  dipentene,  a-pinene  yields  little  isoprene  when  passed 
over  a  heated  platinum  spiral. §  When  subjected  to  the  arc 
discharge  it  gives  a  mixture  of  isoprene,  acetylene  and  ethylene 
with  the  deposition  of  much  carbon.  || 

The  action  of  reducing  agents  on  a-pinene  has  been  investigated 
very  thoroughly.  In  the  early  experiments  which  were  made  by 
BerthelotH,  hydriodic  acid  was  used  as  the  reducing  agent,  whilst 
Baeyer**  used  phosphonium  iodide.  In  both  these  experiments 
the  reaction  was  carried  out  at  high  temperatures  (270-315°), 
so  that  the  pinene  molecule  underwent  complete  isomerisation. 
The  main  product  was  a  hydrocarbon,  C10H20,  b.p.  about  160°, 
which  probably  consisted  essentially  of  p-menthane.  Alkaline 
reducing  agents,  such  as  sodamide,ft  have  no  action  on  a-pinene. 
The  catalytic  hydrogenation  of  a-pinene  to  the  saturated  hydro- 
carbon, pinane,  has  been  discussed  in  detail  on  p.  85.  Whilst 
pinane  is  the  normal  product  obtained  by  the  catalytic  hydro- 
genation of  a-pinene,  isomerisation  to  dipentene  prior  to  re- 
duction may  occur  also  under  certain  conditions.  Thus  IpatievJ % 

*  J.  Amer.  Chem.  Soc.  1927,  49,  43. 
t  Ibid.  1929,  51,  3466. 

%  Thurber  and  Roll  (J.  Amer.  Chem.  Soc.  1930,  52,  786),  who  have  investigated  the 
action  of  heat  on  d-a-pinene,  would  appear  to  have  overlooked  the  latter  paper. 

§  Harries  and  Gottlob,  Annalen,  1911,  383,  165,  229;  Staudinger  and  Kleber, 
Ber.  1911,  44,  2213. 

||  Urbain  and  Seal,  Compt.  rend.  1919,  168,  887. 

H  Bull.  Soc.  chim.  1869  [ii],  11,  19. 
**  Annalen,  1870,  155,  271. 

tt  Lebeau  and  Picon,  Compt.  rend.  1914,  159,  72. 
tt  Ber.  1910,  43,  3392,  3548. 
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working  under  high  pressure  obtained  apparently  mainly  p- 
men thane.  Zelinski*  has  achieved  a  simultaneous  hydrogenation 
and  dehydrogenation  by  passing  the  terpene  over  heated  palla- 
dinised  asbestos  in  a  current  of  carbon  dioxide,  when  a  mixture 
of  £>-cymene  and  pinane  is  obtained.  Dehydrogenation  occurs 
also  by  distillation  over  platinum  black  in  a  current  of  carbon 
dioxide  at  300°.t 

It  was  early  observed  that,  when  oil  of  turpentine  was  exposed 
to  the  air  either  in  the  presence  or  absence  of  moisture,  the 
liquid  gradually  became  viscid  and,  even  if  water  was  originally 
absent  or  was  excluded,  drops  of  water  gradually  made  their 
appearance.  The  oxidation  of  pinene  by  air  (or  oxygen)  was  first 
studied  systematically  by  Schonbein.J  He  considered  the  oxida- 
tion to  proceed  in  two  stages,  the  addition  of  oxygen  to  the 
hydrocarbon  being  followed  by  the  liberation  of  ozone,  which 
was  the  actual  oxidising  agent.  This  view  was  controverted 
by  Berthelot§  and  by  Houzeau||,  who  considered  the  active 
oxidising  agent  to  be  hydrogen  peroxide,  a  view  which  was  shared 
by  Kinzett,H  who  studied  the  oxidation  of  a-pinene  by  oxygen 
both  in  the  presence  and  absence  of  water.  He  identified 
formic,  acetic  and  camphoric  acids  amongst  the  acids  which  were 
formed.  The  investigations  of  Engler  and  his  collaborators** 
have  thrown  much  light  on  the  mechanism  of  this  oxidation. 
According  to  Engler  the  first  product  of  the  oxidation  is  a 

A 

peroxide,  C10H16  .  This  body  is  only  formed  very  slowly  at  0°, 

the  velocity  of  the  reaction  increasing  slowly  up  to  100°,  when 
the  rate  diminishes  and  decomposition  occurs  at  160°.  This 
peroxide  is  quite  stable  in  the  dark,  but  it  liberates  iodine  from 
a  solution  of  potassium  iodide,  there  being  one  atom  of  available 

*  Ber.  1925,  58,  864. 

t  Zelinski  and  Lewina,  Annalen,  1929,  476,  68. 

t  J.  pr.  Chem.  1851,  52,  135,  185;  53,  65;  54,  74;  1855,  66,  272;  1858,  75,  80; 
Annalen,  1857,  102,  133. 

§  Ann.  chim.  1860  [iii],  58,  426. 
||  Compt.  rend.  1860,  50,  829. 

U  Inter  al.  J.C.S.  1874,  27,  511;  1875,  28,  210;  J.  Soc.  Chem.  Ind.  1910,  29,  791; 
1912,  31,  265. 
**  Engler  and  Weissberg,  Vber  die  Autoxidation. 


120  PINANE  AND  ITS  DERIVATIVES  pt.  I 


oxygen  per  molecule.  On  exposure  to  light  the  peroxide  is 
unstable,  oxygen  being  liberated  and,  according  to  Engler,  it  is 
this  " nascent"  oxygen  which  is  the  active  oxidising  agent.  The 
auto-oxidation  of  a-pinene  can  be  readily  inhibited  by  the 
addition  of  anti-catalysts,  and  Rau*  has  shown  that,  in  the 
presence  of  0-001  per  cent,  of  pyrogallol,  no  oxidation  occurs 
over  a  period  of  sixty- two  days. 

Although  it  has  not  proved  possible  to  separa-te  the  primary 
products  of  the  auto-oxidation  of  a-pinene  in  the  absence  of 
water,  those  formed  in  the  presence  of  water  and  more  especially 
in  sunlight  can  be  readily  isolated.  From  amongst  these  the 
substance  sobrerol  was  early  recognised.  It  was  probably  first 
obtained  pure  by  Margueronf  and  its  composition,  C10H18O2 ,  was 
determined  by  Blanchet  and  Sell.  J  It  was,  however,  for  a  long 
time  confused  with  terpin  hydrate  and  was  first  fully  charac- 
terised by  Sobrero,§  who  found  that  it  melted  at  150°.  Later 
Armstrong||  and  Armstrong  and  PopeU  showed  that,  whilst  this 
was  the  melting-point  of  the  two  optically  active  forms 
([a]D  ±  150°),  the  deform  melted  at  130-1 3 1-5°.  It  was  suggested 
by  Armstrong  that  sobrerol  was  a  glycol,  but  its  constitution 
was  first  established  as  the  outcome  of  the  investigations  of 
Wallach  on  the  oxide,  pinol  (Vol.  i,  p.  387),  which  is  formed  from 
sobrerol  by  the  action  of  dilute  mineral  acids.  Wallach  showed 
that  pinol  was  represented  by  (LXXXVI),  sobrerol  being  the 
corresponding  unsaturated  glycol  (LXXXVII). 

This  formula  for  sobrerol  was  confirmed  by  the  experiments  of 
Wagner**  and  Ginsberg,  f  j  who  showed  that  on  oxidation  with  po- 
tassium permanganate ip-menthane-l :  2  :  6 :  S-tetrol  (LXXXVIII), 
m.p.  155-5-156°,  was  formed,  which  on  further  oxidation  gave 
terpenylic  and  terebic  acids,  whilst  Wallach  J  J  obtained  by 
oxidation  with  chromic  acid  hydroxycarvone  (LXXXIX),  from 
the  oxime  of  which,  by  the  action  of  dilute  sulphuric  acid, 
carvone  (XC)  was  prepared. 

In  1913Blumann  and  Zeitschel§§  made  an  interesting  addition 

*  Ind.  For.  Bee.  1924,  11,  199.  f  Ann.  chim.  1797,  21,  174. 

t  Annalen,  1832,  6,  267. 

§  Ibid.  1851,  80,  107;  Compt.  rend.  1851,  33,  106. 

||  J.C.S.  1890,  59,  311.  H  Ibid.  315. 

**  Ber.  1894,  27,  1644,  2270.  tt  Ibid.  1896,  29,  1195. 

tt  Annalen,  1896,  291,  355.  §§  Ber.  1913,  46,  1178. 
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to  our  knowledge  of  the  products  of  the  auto-oxidation  of  oil  of 
turpentine.  It  had  been  observed  by  Schiff*  that  oil  of  tur- 
pentine which  had  been  exposed  to  the  air  gave  reactions 
indicating  the  presence  of  an  aldehyde.  This  substance  Blumann 
and  Zeitschel  succeeded  in  isolating  and  found  that  it  was  not 
an  aldehyde,  but  a  dicyclic  ketone,  verbenone  (XCI)  (p.  122),  the 
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chemistry  of  which  is  discussed  on  p.  197.  The  corresponding 
secondary  alcohol,  verbenol  (XCII),  was  also  shown  to  be  present. 
It  is  of  considerable  theoretical  interest  to  note  that,  in  the  for- 
mation of  this  ketone,  the  ethylenic  linkage  has  apparently 
escaped  oxidation.  Blumann  and  Zeitschel  suggest  that  possibly 
the  ketone  is  formed  from  the  alcohol,  methyl  nopinol  (XCIII), 
which  after  oxidation  is  dehydrated.  An  interesting  analogy 
is  the  observation  of  Semmler  and  v.  Schiller,  that  A3-carene 
on  oxidation  with  potassium  permanganate  gives  an  isomeric 
unsaturated  ketone  (see  p.  62). 

*  Ber.  1883,  16,  2010;  Chem.  Z.  1896,  20,  361. 
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Wienhaus  and  Schumm*  have  shown  that  the  auto-oxidation 
of  ct-pinene  to  verbenone  and  verbenol  proceeds  very  much  more 
rapidly  in  the  presence  of  catalysts  such  as  osmium.  According 
to  Willstatter  and  Sonnenfeld,f  a-pinene  reacts  with  oxygen  in 
the  presence  of  phosphorus  to  give  a  crystalline  phosphorate, 
which  probably  has  the  composition  C10H16 .  P202 ,  but  analysis 
was  not  possible,  since  it  decomposed  immediately  on  exposure 
to  the  air. 
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CH  CH 
(XCII)  (XCIII) 
The  ozonolysis  of  a-pinene  has  been  investigated  by  Harries 
and  his  collaborators.  Harries  and  NeresheimerJ  obtained  a 
liquid  ozonide,  C10H16O4 ,  but  later  Harries  and  Seitz§  found  that 
with  purified  ozone  a  solid  normal  ozonide,  C10H16O3 ,  is  obtained. 
Either  ozonide  on  decomposition  in  aqueous  solution  gives  pinonic 
acid. 

Prileschaev||  examined  the  action  of  benzoyl  hydroperoxide 
on  Z-a-pinene,  which  he  found  to  behave  normally,  yielding 
\-pinene  oxide  (XCIV),  b.p.  102-103°/50  mm.,  d16°  0-9689, 
n1^  1-4708,  [a]D  —  92°.  On  hydration  with  dilute  acids  ring 
fission  occurs  with  formation  of  sobrerol  (XCVI).  Nametkin 
and  Jacevalf  have  since  shown  the  primary  hydration  product 
to  be  pinol  (XCV),  since  if  pinene  oxide  is  heated  with  water  at 
115-120°  pinol  is  obtained.  The  conversion  of  pinene  oxide  into 
pinol  is  only  the  change  of  an  a-  into  a  y-oxide. 

*  Annalen,  1924,  439,  31.  t  Ber.  1914,  47,  2811. 

%  Ibid.  1908,  41,  38.  §  Annalen,  1915,  410,  22. 

||  Ber.  1909,  42,  4814;  compare  Prileschaev  and  Verschuk,  J.  Buss.  Phys.  Chem. 
Soc.  1929,  61,  445;  Arbusov  and  Michaelov,  J.  pr.  Chem.  1930  [ii],  127,  1. 
H  J.  Buss.  Phys.  Chem.  Soc.  1924,  55,  521. 
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In  view  of  the  early  theories,  that  hydrogen  peroxide  was 
involved  in  the  auto-oxidation  of  a-pinene,  peculiar  interest 
attaches  to  the  investigation  by  Henderson  and  Sutherland*  of 
the  action  of  this  reagent  on  a-pinene  in  acetic  acid  solution. 
The  oxidation  proceeds  in  a  complicated  manner,  both  hydration 
and  molecular  rearrangement  occurring,  the  main  products 
isolated  being  dipentene,  ce-terpineol,  p-menthane-1  :  4  :  8-triol, 
borneol  and  a  small  quantity  of  an  aldehyde,  C10H16O,  identical 

CH3 

c 


HC  0  CH 


HaC 


CH2 


CH 
(XCV) 

with  that  obtained  by  Henderson  and  Grayf  by  the  oxidation 
of  «-pinene  with  chromyl  chloride  (see  below).  Of  these  products 
the  only  one  to  which  special  attention  need  be  directed  is 
borneol.  The  formation  of  this  substance,  like  that  of  ^oketo- 
camphoronic  acid  by  the  oxidation  of  pinonic  acid  (p.  Ill),  in- 
volves a  molecular  rearrangement.  Discussion  of  the  mechanism 
of  this  reaction  is  deferred  (see  p.  132). 

The  oxidation  of  a-pinene  with  mercuric  acetate  in  aqueous 
solution  was  first  investigated  by  BalbianoJ  who  obtained  a 
hydroxy-ketone,  C10H16O2 ,  which  he  considered  to  have  formula 
(XCVII),  since,  on  treatment  with  dilute  sulphuric  acid,  it  gave 
carvacrol  (XCVIII),  and,  on  further  oxidation  with  potassium 
permanganate,  terpenylic  acid  (XCIX).  A  more  thorough  ex- 
amination of  the  products  of  this  reaction  was  made  by  Henderson 
and  Agnew§  and  by  Henderson  and  Eastburn,||  who  found  that 
the  primary  product  of  the  oxidation  was  sobrerol  (C),  which  is 


*  J.C.S.  1912,  101,  2288. 

t  Ber.  1902,  35,  2994;  1903,  36,  3575. 

II  Ibid.  1465. 


t  Ibid.  1903,  83,  1299. 
§  J.C.S.  1909,  95,  289. 
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converted  by  the  further  action  of  mercuric  acetate  into  the 
hydroxy-ketone  described  by  Balbiano.  The  constitution  of  the 
ketone  is  not,  however,  that  suggested  by  Balbiano.  Henderson 
and  Agnew  proved  the  ketone  to  be  identical  with  that  prepared 
by  Wallach*  by  the  oxidation  of  sobrerol  with  chromic  acid 
(p.  120),  namely  S-hydroxycarvotanacetone  (CI). 
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It  is  of  interest  to  note  that  Henderson  and  Eastburn  found 
the  sobrerol  formed  in  this  oxidation  to  be  optically  inactive, 
although  the  a-pinene  oxidised  had  a  high  rotatory  power. 
Balbiano!  has  suggested  the  use  of  mercuric  acetate  for  the 
quantitative  estimation  of  a-pinene,  but,  in  view  of  the  great 
ease  with  which  this  reagent  reacts  with  other  terpenes,  the 
method  would  appear  to  be  of  doubtful  value. 

The  oxidation  of  a-pinene  with  chromic  acid  was  found  by 
Fittig  and  Krafftf  to  lead  to  very  profound  degradation, 
terpenylic  (XCIX)  and  terebic  (CII)  acids  being  formed.  The 

*  Annalen,  1896,  291,  342.      f  B&r.  1915,  48,  395.      %  Annalen,  1881,  288,  71. 
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constitution  of  both  these  acids  has  been  determined  by  several 
independent  syntheses.*  By  the  use  of  milder  conditions  Treibs 
and  Schmidtf  were  able  to  obtain  verbenone  and  verbenol  by 
the  action  of  this  reagent,  the  reactions  being  analogous  to  those 
occurring  in  auto-oxidation. 

Of  greater  interest  are  the  products  which  are  formed  when 
a-pinene  is  treated  with  chromyl  chloride.  The  action  of  this 
reagent  on  the  terpene  was  first  investigated  by  Etard,{  who 
found  that  a  vigorous  reaction  occurred,  and  he  succeeded  in 
isolating,  as  one  of  the  products,  an  aldehyde,  C10H14O,  b.p. 
205-2077760  mm.  In  a  renewed  study  of  this  reaction  Hender- 
son, Gray  and  Smith§  found  that  when  chromyl  chloride  was 
allowed  to  react  with  the  hydrocarbon  in  carbon  disulphide 
solution  a  compound  of  the  composition,  C10H16,  2Cr02Cl2,  was 
formed,  which,  on  decomposition  with  water,  gave  (i)  a  saturated 
aldehyde,  C10H16O,  m.p.  33°,  b.p.  205-207°/755  mm.,  semicar- 
bazone,  m.p.  191°;  (ii)  an  unsaturated  ketone,  C9H140,  b.p.  206- 
207o/774  mm.,  d20°  0-9678,  nD  1-417,  semicarbazone,  m.p.  226- 
228°;  and  (iii)  a  chlorinated  substance,  C10H15OC1,  m.p.  168°. 
The  constitution  of  these  substances  was  not  determined,  but  it 
is  extremely  improbable  that  they  contain  the  pinene  nucleus 
and  they  may  be  derivatives  of  camphane. 

Since  the  early  experiments  of  Bromeis||  on  the  oxidation  of 
a-pinene  with  nitric  acid,  the  action  of  this  reagent  on  the 
terpene  has  formed  the  subject  of  an  extensive  series  of  in- 
vestigations. H  The  main  products  which  are  formed  are 
terpenylic  (XCIX),  terebic  (CII),  p-toluic  (CIII)  and  tere- 
phthalic  (CIV)  acids.  The  formation  of  these  acids  is  readily 
explained  if  we  assume  that  fission  of  the  ci/cfobutane  ring  first 
occurs  yielding  sobrerol  (XCVI) ;  the  glycol  is  then  either  oxidised 

*  Inter  al  Blaise,  Compt.  rend.  1898,  126,  349;  Schryver,  J.C.S.  1893,  63,  1332; 
Lawrence,  ibid.  1899,  75,  531;  Simonsen,  ibid.  1907,  91,  184. 
t  Ber.  1928,  61,  459. 

%  Ann.  chim.  1881  [v],  22,  218;  Compt.  rend.  1893,  116,  434. 
§  J.C.S.  1903,  83,  1299;  cf.  Henderson  and  Smith,  ibid.  1889,  55,  45;  Henderson 
and  Heilbron,  ibid.  1908,  93,  288. 
||  Annalen,  1840,  37,  297. 

If  Inter  al.  Rabourdin,  ibid.  1844,  52,  391;  Cailliot,  Ann.  chim.  1847  [iii],  21,  27; 
Hofmann,  Annalen,  1856,  97,  209;  Svanberg  and  Ekman,  J.  pr.  Chem.  1855  [i],  66, 
219;  Williams,  Ber.  1873,  6,  1094;  Schreder,  Annalen,  1874,  172,  101;  Fittig  and 
Bredt,  ibid.  1881,  208,  37;  Roser,  Ber.  1882.  15,  293. 
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directly  to  terpenylic  and  terebic  acids  or  passes  into  p-cymene 
(CV),  which  is  then  oxidised  to  p-toluic  and  terephthalic  acids. 
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Although  reference  has  been  made  already  in  discussing  the 
constitution  of  a-pinene  to  the  products  obtained  by  its  oxida- 
tion with  potassium  permanganate,  it  is  necessary,  in  view  of 
their  importance,  to  consider  them  here  in  greater  detail. 

d£-Pinonic  acid  can  be  prepared  in  excellent  yield  if  c?Z-pinene 
is  oxidised  under  the  conditions  described  by  Dupont.*  The 
acid,  m.p.  103-104°,  b.p.  168°/12  mm.,  is  the  as-acid,  since  it 
yields  on  degradation  cis-norpinic  acid,  and  it  is  probable  that 
the  liquid  acids,  which  are  always  obtained  simultaneously,  are 
a  mixture  of  the  cis-  and  tews-modifications.|  By  the  oxidation 
of  d-  and  Z-a-pinenes  the  optically  active  pinonic  acids  can  be 
prepared.^  These  were  probably  first  obtained  pure  by  Barbier 

*  Ann.  chim.  1923  [ix],  19,  186. 

t  Perkin  and  Simonsen,  J.C.S.  1909,  95,  1176. 

t  A  Z-pinonic  acid,  m.p.  98-99°,  [a]fl  -  21-24°,  was  described  by  Tiemann  (Ber. 
1896, 29,  3015),  who  prepared  it  from  a-campholenic  acid.  It  is  suggested  by  Ruzicka 
and  Trebler  (Helv.  Chim.  Acta,  1921,  4,  666)  that  this  acid  probably  consisted  essen- 
tially of  dZ-pinonic  acid,  the  presence  of  25  per  cent,  of  the  Z-form  would  be  sufficient 
to  account  for  the  observed  rotation. 
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and  Grignard*  and  melt  at  68-69°,  [a]D  +  89-0°,  -  90-55°  (in 
chloroform  solution).  Pinonic  acid  can  be  identified  by  the 
preparation  of  the  characteristic  semicarbazone,  described  ori- 
ginally by  Tiemann  and  Kerschbaum,f  d-  and  Z-forms,  m.p.  204°, 
dl-,  m.p.  206-207°.  From  the  optically  active  acids  two  isomeric 
oximes  have  been  prepared. %  The  lower  melting  form,  known  as 
the  /?-oxime,  melts  at  128°  and  has  a  rotation  in  the  same  sense 
as  the  acid  from  which  it  is  prepared,  whilst  the  more  sparingly 
soluble  y-oxime,  m.p.  190-191°,  has  a  rotation  opposite  in  sign 
to  the  parent  acid.  The  dZ-/3-oxime  melts  at  150°. 

^-Pinonic  acid  condenses  with  salicylaldehyde  to  yield  a 
styryl  derivative,  m.p.  159-161°,  but  it  does  not  apparently  react 
with  other  hydroxy  aldehydes. § 

d£-Ethyl  pinonate  boils  at  147-148°/16  mm.,||  but  has  not 
been  characterised  by  the  preparation  of  any  derivatives;  the 
semicarbazones  of  the  d-  and  Z-esters  melt  at  152-154°.!! 

(^-Pinonic  acid  (CVI)  can  be  reduced  to  the  corresponding 
hydroxy  acid,  dl-pinolic  acid  (CVII),  m.p.  99-100°,  by  the  action 
of  potassium  hydroxide  at  180-200°.**   This  hydroxy  acid 
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*  Bull.  Soc.  chim.  1910  [iv],  7,  548;  cf.  Gildemeister  and  Kohler,  Wallach 
Festschrift,  p.  426. 
t  Ber.  1900,  33,  2664. 

j  Tiemann  and  Semmler,  ibid.  1895,  28,  1346;  Baeyer,  ibid.  1896,  29,  2786; 
Wallach,  Annalen,  1909,  368,  5;  Barbier  and  Grignard,  Bull.  Soc.  chim.  1910  [iv],  7, 
554;  Gildemeister  and  Kohler,  Wallach  Festschrift,  p.  426. 

§  Fernandez  and  Mirasierria,  Bee.  trav.  chim.  1929,  48,  852. 

||  Perkin  and  Simonsen,  J.C.8.  1909,  95,  1174. 

If  Simonsen,  ibid.  1922,  121,  2797. 
**  Tiemann  and  Kerschbaum,  Ber.  1900,  33,  2665. 
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undoubtedly  contains  the  c?/cZobutane  ring,  since  it  can  be  recon- 
verted by  oxidation  into  the  parent  acid. 

By  treatment  of  dZ-pinonic  acid  with  sulphuric  acid  (50  per 
cent.)  Baeyer*  obtained  the  acyclic  ketonic  lactone,  homo- 
terpenylmethyl  ketone  (CVIII),  the  d-  and  Z-forms  of  which  melt 
at  47-48°  and  the  dl-  at  63-65°.  From  pure  Z-pinonic  acid 
Barbier  and  Grignard  prepared  a  laevorotatory  form  with 
[a]D  —  57-45°,  but  there  is  no  evidence  that  this  was  optically 
pure.  On  oxidation  with  potassium  permanganate,  homo- 
terpenylmethyl  ketone  gives  terpenylic  acid. 

As  was  first  observed  by  Baeyerf  dZ-pinonic  acid  is  converted 
quantitatively,  by  oxidation  with  sodium  hypobromite,  into 
dl-cis-pinic  acid  (CIX),  m.p.  101-102-5°,  the  d-  and  Z-forms,t 
which  have  rotatory  powers  opposite  in  sign  to  the  parent  acids, 
and  melt  at  135-136°,  [a]D  ±  70-10°  (in  acetone).  cis-Pinic  acid 
does  not  yield  an  anhydride.  By  distillation  of  the  calcium  salt 
Bonsdorff§  obtained  a  ketone,  b.p.  69-71°/8  mm.,  which  was 
probably  isopropenylcyclopentan-2-one,  fission  of  the  cycZobutane 
ring  having  occurred,  but  direct  proof  of  its  constitution  was  not 
obtained. 

c^s-Pinic  acid  (CIX)  reacts  readily  with  bromine  to  give  cis- 
bromopinic  acid  (CX),  m.p.  154°,  which  on  digestion  with  barium 
hydroxide  is  converted  into  the  corresponding  hydroxy  acid, 
cis-hydroxypinic  acid  (CXI),  m.p.  191-193°,  ethyl  ester,  b.p. 
179°/16mm. 

On  oxidation  of  the  hydroxy  acid  with  lead  peroxide  the  alde- 
hyde (CXII)  is  formed,  1 1  which  has  not  yet  been  obtained  pure,  but 
which  has  been  characterised  by  the  preparation  of  the  semicar- 
bazone,  m.p.  188-189°.  Oxidation  of  the  aldehyde  with  potassium 
permanganate  or  of  the  hydroxy  acid  with  chromic  acidU  yields 
cis-norpinic  acid  (CXIII),  m.p.  173-175°.  This  acid,  which  is 
remarkably  stable,  was  shown  by  Perkin  and  Simonsen**  to  have 
the  ^-configuration,  since  it  gives  an  anhydride,  m.p.  135°,  from 
which  the  acid  can  be  regenerated  by  warming  with  water.  By 
the  action  of  dilute  hydrochloric  acid  at  180°  an  equilibrium 

*  Ber.  1896,  29,  326.  t  Ibid.  1896,  29,  3. 

X  Barbier  and  Grignard,  Bull.  Soc.  chim.  1910  [iv],  7,  548. 

S  Ber.  1911,  44,  3208.  II  Baeyer,  ibid.  1896,  29,  1909. 

U  Baeyer,  ibid.  2787.  **  J '.OS.  1909,  95,  1176. 
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mixture  of  cis-  and  £r<m<s-norpinic  acids  is  obtained,  from  which 
the  trans-Sudd,  which  is  much  more  soluble  than  the  cis-acid,  can 
be  separated  by  fractional  crystallisation;  it  softens  at  137°  and 
melts  at  144°. 
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Kerr's  elegant  synthesis,*  which  is  outlined  on  p.  130,  has 
provided  an  experimental  proof  of  the  correctness  of  Baeyer's 
formula  for  norpinic  acid.  The  acid  synthesised  by  Kerr  was  the 
tfnms-isomeride ;  Shoppee  and  Simonsenf  converted  this  into 
CflVnorpinic  anhydride  and  c^s-norpinic  acid  and  were  thus  able 
to  establish  its  identity  with  the  acid  derived  from  dZ-pinonic 
acid. 

By  the  condensation  of  the  sodium  derivative  of  the  cyanoimide 
(CXIV)  with  methylene  iodide  the  bridged  imide  (CXV)  was 
prepared,  from  which,  by  hydrolysis,  the  cyano-acid  (CXVI)  and 
finally  trans -nonpinic  acid  (CXVII)  were  prepared. 


*  J.  Amer.  Chem.  Soc.  1929,  51,  614. 


t  J.S.C.I.  1929,  48,  730. 
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From  amongst  the  oxidation  products  of  a-pinene,  Baeyer* 
separated  a  second  ketonic  acid,  pinoylformic  acid,  C10H14O5 
(CXVIII),  by  taking  advantage  of  the  fact  that  this  acid 
combines  very  readily  with  potassium  bisulphite  to  give  a 
crystalline  derivative,  from  which  it  can  be  regenerated  by  the 
action  of  barium  hydroxide.  According  to  Ertschikowskif,  this 
acid  can  be  obtained  also  by  the  oxidation  of  ^-pinonic  acid 
with  potassium  permanganate;  it  melts  at  78-80°  and  is  some- 
what unstable.  Although,  as  is  proved  by  its  reactions,  pinoyl- 
formic acid  is  undoubtedly  the  ketonic  dibasic  acid  represented 
by  (CXVIII),  it  behaves  on  titration  as  a  lactone  and  exists 
therefore  also  in  the  tautomeric  form  (CXIX).  The  phenyl- 
Jiydrazone  melts  at  192-5°.  The  constitution  of  pinoylformic  acid 
is  conclusively  proved  by  its  oxidation  with  potassium  per- 
manganate to  m-pinic  acid,  and  by  its  conversion  on  boiling 
with  dilute  sulphuric  acid  into  homoterpenylformic  acid  (CXX), 
m.p.  126-129°,  which,  on  oxidation  with  lead  peroxide,  gives 
homoterpenylic  acid  (CXXI),  m.p.  98-101°,  which  has  been 
synthesised  by  Simonsen.f  On  reduction  with  sodium  amalgam, 
pinoylformic  acid  yields  the  corresponding  hydroxy  acid,  m.p. 
130-133°. §  The  nature  of  the  products  formed  on  oxidation 
with  sodium  hypochlorite  have  been  discussed  on  p.  111. 

*  Ber.  1896,  29,  1911.  t  Ibid.  1899,  32,  2079. 

$  J.C.8.  1907,  91,  190.  §  Baeyer,  Ber.  1896,  29,  2789. 
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In  concluding  the  discussion  of  the  products  obtained  by  the 
oxidation  of  a-pinene  with  potassium  permanganate,  it  must  be 
pointed  out  that,  assuming  the  oxidation  to  proceed  normally, 
the  primary  product  of  the  oxidation  should  be  the  glycol 


C02H 


HC 


CHOH  H 


io 


H2C 


H>C .  C .  CH 


CH 
(CXX) 


C02H 


H3C .  C .  CH3 

H3C .  C .  CH3 

H2C 


CH2  H^C 


CH 
(CXXII) 


CH, 


CH 
(CXXII  a) 


CH 
(CXXI) 


-co 


CH, 


CH2 


(CXXII).  In  his  early  experiments  Wagner*  obtained  a  sub- 
stance, b.p.  145-147°/14  mm.,  which  appeared  to  be  pinene 
glycol.  This  oil  was,  however,  undoubtedly  a  mixture,  since  it 
deposited  crystals,  m.p.  76-78°,  which  is  the  melting-point  of 
the  glycol  (CXXII a)  derived  from  j6-pinene  (see  p.  172).  It  must 
be  recollected  that,  at  the  time  of  these  experiments,  "pinene" 
was  assumed  to  be  homogeneous.  Wagner's  pinene  glycol  must 
therefore  be  regarded  as  a  mixture  of  the  two  glycols  (CXXII) 


*  Ber.  1888,  21,  1236;  1890,  23,  2318;  1894,  27,  1644,  2270. 
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and  (CXXII  a),  in  which  the  former  probably  predominated.  On 
dehydration  it  was  converted  into  pinol  together  with  other 
substances  not  investigated  in  detail. 

Before  proceeding  to  give  an  account  of  the  general  reactions 
of  a-pinene  it  will  be  convenient  to  discuss  here  one  of  the  most 
important  properties  shown,  not  only  by  a-pinene  and  its  de- 
rivatives, but  also  by  other  dicyclic  terpenes,  namely  the  great 
tendency  which  they  exhibit  to  isomerise  to  substances  having 
a  different  ring  structure.  The  following  may  be  regarded  as 
typical  examples  of  this  type  of  reaction : 

(i)  the  hydration  of  «-pinene  to  yield  borneol  (CXXV)  and 
fenchyl  alcohol  (CXXVI), 

(ii)  the  conversion  of  a-pinene  into  bornyl  chloride  (CXXV II) 
by  the  action  of  hydrogen  chloride, 

(hi)  the  dehydration  of  isoborneol  (CXXVIII)  to  camphene 
(CXXIX), 

(iv)  the  conversion  of  camphene  hydrochloride  (CXXX)  into 
isobornyl  chloride  (CXXXI). 

These  changes  are  shown  schematically  below,  the  reaction 
with  a-pinene  being  more  readily  understood  if  the  formula  for 
the  hydrocarbon  be  written  as  in  (CXXIII)  and  (CXXIV). 

Wagner*  recognised  that  a  molecular  rearrangement  was 
involved  in  the  formation  of  bornyl  chloride  from  a-pinene,  and 
he  suggested  that  a  simple  analogy  was  to  be  found  in  the 
dehydration  of  the  alcohol  (CXXXII)  to  the  hydrocarbon 
(CXXXIII),  which,  by  the  action  of  hydrogen  chloride,  gives 
the  chloride  (CXXXV),  the  isomeric  chloride  (CXXXIV) 
possibly  having  a  transitory  existence. 

(H3C)3C.CHOH.CH3   >  (H3C)2:C:C(CH3)2   >       (H3C)2  :  CH . CC1 :  (CH3)2 

(CXXXII)  (CXXXIII)  /  (CXXXIV) 


Other  and  more  instructive  analogies  have  been  observed  by 
Meerweinf  of  which  the  following  examples  offer  sufficient  illus- 
tration. 1-isoPropylcjclopentane-l  :  a-diol  (CXXXVI)  yields  on 


( H3C)3C — CHCl — CH: 
(CXXXV) 


*  J.  Buss.  Phys.  Chem.  Soc.  1899,  31,  690. 

t  Annalen,  1910,  376,  152;  1914,  405,  129;  1918,  417,  255. 
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treatment  with  dilute  sulphuric  acid  1  :  l-dimethyhjclohexan-2- 
one  (CXXXVII).  The  dehydration  of  the  alcohol  (CXXXVIII) 
prepared  by  the  reduction  of  the  latter  gives  rise  to  a  mixture  of 
1  :  2-dimethyl-A1-cyc\ohexene  (CXXXIX)  and  isqprop^-A^cyclo- 
pentene  (CXL). 

CH2 

H2C  CH2 
H2C  CO 

Y 


H2C  CH2 

H2C  CH2 

C.OH 
(CXXXVI) 


H2S04 


H2 


CH, 
H2C  CH2 
H9C  CHOH 


HqC  CHo 


(CXXXVII) 


H20  I 


HaC 
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CH, 


(CXXXVIII) 


CH, 

H^C  CH, 

H2C  CH2 

ELC     C .  CHo 

HoC  CH 

Y 

Y 

CH3 

L 

HgC^^CHa 

(CXXXIX) 

(CXL) 

The  mechanism  involved  in  these  pinacone-pinacoline  trans- 
formations has  been  much  discussed.  In  the  conversion  of 
isoborneol  (CXLI)  into  camphene  (CXLIII)  it  has  been  assumed 
that  tr  icy  dene  (CXLII)  is  an  intermediate  product*,  the  reaction 
being  formulated : 

CH3  CHg 

4  I 


CH, 


HaC- 


CHOH 


HC 


H2C- 


H3C .  C .  CHc 

 CH — 

(CXLI) 


CH, 


CH 


H3C .  C .  CH3 

I 

 CH  CH2 

(CXLII) 


H2C 
HjC- 


CH 


CH- 


(CXLIII) 


*  Cf.  Ruzicka,  Helv.  Chim.  Acta,  1918,  1,  130. 
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The  transitory  existence  of  tricyclic  derivatives  can  also  be 
used  to  explain  the  other  reactions  given  above.  Meerwein  and 
Emster*  have  shown  conclusively  that,  in  the  case  of  the 
woborneol-camphene  change,  the  reaction  cannot  proceed  in  this 
manner,  since  tricyclene  is  perfectly  stable  under  conditions 
which  convert  ^oborneol  into  camphene.  Further  evidence  was 
furnished  by  a  study  of  the  velocity  of  the  conversion  of  cam- 
phene and  tricyclene  into  isobornylchloroacetate  by  the  action 
of  chloroacetic  acid.  The  esterification  of  camphene  proceeds 
with  a  far  greater  velocity  than  that  of  tricyclene,  which  could 
obviously  not  be  the  case,  if  tricyclene  was  an  intermediate  stage 
in  the  reaction.  Meerwein  considers  that  the  isomerisation  is 
preceded  by  ionisation,  the  actual  molecular  rearrangement 
occurring  in  the  cation ;  evidence  in  support  of  this  view  being 
afforded  by  a  study  of  the  velocity  of  the  change  camphene 
hydrochloride  (CXLIV)  to  wobornyl  chloride  (CXLV). 


CH, 


H2C 


-CH 
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H3C .  C .  CHj 

—As- 
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■CH, 
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We  are,  however,  indebted  to  Robinsonf  for  a  precise  and 
adequate  correlation  of  these  changes  with  the  pinacone-pina- 
coline  transformation,  which  would  appear  to  have  been  over- 
looked by  other  investigators.  In  his  original  communication 
the  symbolism  of  partial  valencies  was  used,  the  dehydration  of 
a  pinacone  (CXLVI)  to  a  pinacoline  (CXLVII)  being  directly 
correlated  with  the  Wagner  or  borneol-camphene  rearrangement. 
In  the  representation  (CXLVI)  R,  R1,  R2,  R3  are  assumed  to  be 
neutral  groups,  whilst  a  is  a  divalent  atom  or  group  and  x,  y  are 
monovalent  atoms  or  groups  of  such  a  nature  that  there  is  a 
tendency  to  form  a  compound  xy. 


*  Ber.  1920,  43,  1815;  cf.  Lipp,  ibid.  769. 
t  Mem.  Manchester  Phil.  Soc.  1921,  64,  4,  1. 


136 


PINANE  AND  ITS  DERIVATIVES 


PT.  I 


If  it  be  assumed  that  x  is  electropositive  in  character  and  y 
electronegative  and  that  they  become  attached  by  a  partial 

ax  y 
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valency,  then  we  have  conjugation  and  the  conditions  repre- 
sented by  (A)  and  (5).  Now  if  xy  separate  from  (B)  by  compound 
formation  we  may  get  a  three-membered  ring  as  in  (CXLVII), 
whilst  the  separation  of  xy  from  (A )  will  result  in  (CXLVIII) .  This 
latter  reaction  is  the  ordinary  pinacone-pinacoline  reaction, 
where  a  is  oxygen,  x  hydrogen  and  y  is  hydroxyl.  To  illustrate 
this  the  borneol-camphene  change  is  shown  by  the  following 
representation : 
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With  the  elaboration  of  the  electronic  theories  of  valency, 
which  we  owe  mainly  to  Lapworth  and  Robinson,  the  expression 

(CXLVI)  may  be  written  as  in  (CXLVI  a)  where  corresponds 

to  two  electrons,  the  intermediate  bodies  postulated,  (^4)  and 

(B),  being  identical  if  be  assumed  to  correspond  to  one 

electron.* 


22— C-  —6— (Rz  Rz)   >  R- 
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A  further  advance  was  made  in  theoretical  interpretation  by 
the  suggestion  of  Lapworth,  that  the  reaction  in  such  cases  is 
probably  not  direct,  but  takes  place  by  the  agency  of  ions  in  the 
solution.  This  theory  may  be  represented  as  shown  above. 

The  Robinson  theory,  with  the  ionic  extension  suggested  by 
Lapworth,  provides  a  simple  explanation  of  the  Wagner  reaction 
and  has  the  valuable  additional  merit  that  it  co-ordinates  it 
with  the  well-known  pinacone-pinacoline  rearrangement. 

On  hydration  with  dilute  mineral  acids  or  with  organic  acids 
a-pinene  yields  products  of  two  distinct  types :  (i)  by  fission  of 
the  q/cfobutane  ring  with  formation  of  monocyclic  alcohols  and 
hydrocarbons  and  (ii)  by  molecular  rearrangement  and  con- 


*  Compare  Kermack  and  Robinson,  J.C.S.  1922,  121,  427. 
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version  into  derivatives  of  camphane  and  fenchane.  By  the 
choice  of  suitable  conditions  either  the  one  or  the  other  of  these 
two  reactions  can  be  made  to  predominate.  Owing  to  the 
technical  importance  of  the  products  which  are  formed,  the 
hydration  of  a-pinene  has  been  exhaustively  studied,  and  it  is 
only  possible  to  give  here  a  general  outline  of  these  investiga- 
tions. In  the  majority  of  cases  pure  a-pinene  free  from  /3-pinene 
has  not  been  used,  and  there  has  been  considerable  discussion  as 
to  whether  both  hydrocarbons  react  in  the  same  manner.  This 
problem  cannot  be  regarded  as  definitely  elucidated,  but  it 
seems  probable  that,  whereas  the  products  from  the  two  hydro- 
carbons are  qualitatively  the  same,  they  differ  quantitatively; 
a-pinene  being  more  slowly  hydrated  than  j3-pinene  and  giving 
higher  yields  of  monocyclic  derivatives.* 

Whilst  pinenef  is  only  very  slowly  acted  upon  by  dilute  sul- 
phuric acid,  with  the  concentrated  acid  a  complex  reaction  takes 
place  with  the  formation  of  limonene  (d-  or  I-  depending  upon 
the  rotatory  power  of  the  pinene  used),  dipentene,  terpinolene, 
terpinene,  camphene,  andp-cymene.J  Treatment  of  the  reaction 
mixture  with  an  excess  of  an  alcoholic  solution  of  potassium 
hydroxide  at  150°  under  pressure  results  in  the  formation  of 
appreciable  quantities  of  borneol  and  fenchyl  alcohol.  If  a 
large  proportion  of  mineral  acid  is  used,  it  has  been  observed 
by  Brooks  and  Humphrey§  that  polymerisation  takes  place 
with  the  formation  of  hydrocarbons  having  a  high  molecular 
weight.  With  sulphuric  acid  in  alcoholic  solution  at  the  ordinary 
temperature,  a-terpineol  is  obtained  in  a  good  yield, ||  although, 
if  the  mixture  is  heated,  monocyclic  terpenes  result. H  With 
dilute  nitric,  hydrochloric,  hydriodic  and  phosphoric  acids 

*  See  inter  al.  Barbier  and  Grignard,  Bull.  Soc.  chim.  1909  [iv],  5,  512,  519; 
Dupont,  Chim.  et  Ind.  1922,  8,  855;  Grignard  and  Stratford,  Bull.  Soc.  chim.  1923 
[iv],  33,  531;  Delepine,  Compt.  rend.  1924,  178,  2087;  1924,  179,  980;  Austerweil, 
Bull.  Soc.  chim.  1926  [iv],  39,  690,  1732;  1927  [iv],  41,  1088,  1507. 

f  The  general  term  "pinene"  is  used  here  to  indicate  a  mixture  of  a-  and 
jS-pinenes. 

%  Armstrong  and  Tilden,  Ber.  1879,  12,  1752;  Bouchardat  and  Lafont,  Compt. 
rend.  1887,  105,  1177;  1897,  125,  113;  Wallach,  Annalen,  1887,  239,  35. 
§  J.  Amer.  Chem.  Soc.  1918,  40,  844. 

j|  Flavitzky,  Ber.  1879, 12,  1406,  2354;  1887,  20,  1957;  Godlewski,  J.  Buss.  Phys. 
Chem.  Soc.  1899,  31,  201. 

1  Wallach,  Annalen,  1885,  227,  283;  230,  262;  Smirnov,  J.  Russ.  Phys.  Chem. 
Soc.  1909,  41,  996. 
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pinene  gives  mainly  terpin  hydrate,*  a  product  which  is  formed 
also  by  the  action  of  dilute  sulphuric  acid,  if  the  hydrocarbon  and 
the  acid  are  allowed  to  remain  in  contact  for  a  considerable  period 
under  conditions  allowing  a  large  reaction  surface,  f 

During  recent  years  the  use  of  organic  acids  for  the  hydration 
of  pinene  has  found  increasing  application,  since  the  reaction 
can  be  more  readily  controlled.  The  hydration  proceeds  in 
exactly  the  same  manner  as  with  mineral  acids,  so  that  only 
brief  mention  is  required.  According  to  ReismanJ  anhydrous 
formic  acid  gives  a  mixture  of  limonene,  dipentene,  terpinene, 
terpinolene,  diterpenes,  terpinyl  formate  and  bornyl  formate, 
whilst  with  acetic  acid  similar  products  are  formed,  although 
under  suitable  conditions  terpinyl  acetate  can  be  made  the  main 
product. §  a-Terpineol  can  be  conveniently  prepared  by  the 
action  of  benzene  sulphonic  acid.|| 

The  action  of  chlorine  on  a-pinene  has  formed  the  subject 
of  numerous  investigations,  the  earliest  being  due  to  DevilleU 
and  Naudin.**  Owing  to  the  complex  manner  in  which  the 
reaction  proceeds,  the  actual  nature  of  all  the  products  of 
the  reaction  has  not  as  yet  been  determined.  The  primary 
product  is  probably  the  dichloride  (CXLIX) ;  this  substance  is, 
however,  too  unstable  to  permit  of  isolation,  and  even  at 
low  temperatures  decomposes  with  the  liberation  of  hydrogen 
chloride.  The  most  recent  investigations  of  this  reaction  have 
been  made  by  Aschan  jf  and  by  Brus.ft  Even  if  water  is  rigidly 
excluded  and  the  reaction  carried  out  at  —  15°,  Aschan  found 
it  to  be  most  complex.  He  succeeded  in  isolating  a  dichloride, 
bornyl  dichloride  (CL),  m.p.  173-174°,  a  liquid  dichloride  of  un- 
determined constitution,  and  bornyl  chloride  (CLI). 

*  Wiggers,  Annalen,  1842,  33,  359;  1846,  57,  247;  Hempel,  ibid.  1876,  180,  73; 
Tilden,  J.C.S.  1879,  35,  247;  Flavitzky,  Ber.  1879,  12,  1022,  1406;  Aschan,  Bidrag 
til  Kannedom  af  Finland's  Natur  och  Folke,  1918,  77,  1. 

t  Beilstein,  Handbuch  der  Organischen  Chemie,  4th  ed.  v,  152. 

t  Bull.  Soc.  chim.  1927  [iv],  41,  94;  compare  Lafont,  ibid.  1888  [ii],  49,  323; 
Delepine,  Reisman  and  Suan,  ibid.  1930  [iv],  47,  966. 

§  Bouchardat  and  Lafont,  Compt.  rend.  1898,  126,  755;  Zeitschel,  G.P.  204163; 
G.P.  67255. 

||  Barbier  and  Grignard,  Bull.  Soc.  chim.  1909  [iv],  5,  512,  519;  Gerinuth,  Amer. 
J.  Pharm.  1927,  99,  402. 

U  Annalen,  1841,  37,  190.  **  Bull.  Soc.  chim.  1882  [ii],  37,  111. 

tt  Ofvers.  Finska  Vet.  Soc.  1915,  57,  1;  Ber.  1928,  61,  38. 
X%  Compt.  rend.  1925,  180,  1507. 
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The  latter  is  probably  a  secondary  product,  being  formed  by 
the  action  of  hydrogen  chloride,  generated  by  the  decomposition 
of  ((  XLIX),  on  unattacked  a-pinene.  It  is  not  known  whether 
the  bornyl  dichloride  is  formed  directly  by  the  rearrangement  of 
pinene  dichloride,  which  Aschan  assumes  to  be  the  case,  or  by 
the  chlorination  of  bornyl  chloride.  It  would  appear  not  im- 
probable that  both  reactions  occur  simultaneously,  and  that  the 
liquid  dichloride  is  actually  a  mixture  of  stereoisomeric  bornyl 
dichlorides.  Brus  obtained  very  similar  results  and  he  prepared 
also  a  dichloride,  m.p.  170-171°,  bornyl  chloride,  together  with 
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more  highly  halogenated  products.  Since  his  dichloride  crys- 
tallised in  the  monoclinic  system  and  that  of  Aschan  in  the 
orthorhombic,  he  does  not  regard  them  as  identical,  but  until 
direct  comparison  of  the  two  substances  has  been  made,  the 
non-identity  cannot  be  regarded  as  established.  The  constitution 
of  the  dichloride  is  proved  by  its  conversion  into  tricyclene 
(p.  273)  by  the  action  of  sodium. 

The  bromination  of  a-pinene  proceeds  in  an  exactly  analogous 
manner  to  the  chlorination,  and  gives  a  mixture  of  bornyl 
bromide  (CLIII)  and  bornyl  dibromide  (CLIV),  although  the 
tendency  for  hydrogen  bromide  to  be  eliminated  and  for 
^-cymene  to  be  formed  is  greater.  The  early  experiments  of 
Deville,*  Oppenheim,f  Barbier %  and  Kekule§  did  not  lead  to  the 
separation  of  any  crystalline  derivatives,  but  the  isolation  of 


*  Annalen,  1841,  37,  191. 
}  Ber.  1872,  5,  99,  215. 


t  Ber.  1872,  5,  94,  628. 
§  Ibid.  1873,  6,  437. 
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p-cymene  either  by  direct  distillation  or  after  treatment  with 
bases  was  of  fundamental  theoretical  importance  in  showing  the 
relationship  of  a-pinene  to  the  aromatic  hydrocarbons.  Later 
investigators*  were  concerned  mainly  with  quantitative  esti- 
mations of  the  absorption  of  bromine,  but  Flavitzky  possibly 
prepared  true  a-pinene  dibromide  (CLII),  which  he  describes  as 
an  oil,  dol  1-5493,  nD  1-54750,  [a]D  +  30-5°,  which  did  not 
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crystallise  at  —  30°.  This  substance  was  prepared  by  bromination 
in  acetic  acid  solution.  A  crystalline  dibromide,  m.p.  169-170°, 
together  with  bornyl  bromide,  m.p.  about  90°,  was  obtained  by 
Wallach.  |  Wallach  considered  the  dibromide  to  be  a  true  pinene 
derivative  but  this  was  shown  by  Semmler  to  be  incorrect,  J  since 
on  reduction  it  gives  camphane  (CLV),  whilst  by  the  action  of 
sodium  it  is  converted  into  tricyclene.  Semmler  correctly 
identified  it  as  bornyl  dibromide.  The  remarks  made  above 


*  Flavitzky,  J.  Russ.  Phys.  Chem.  1889,  21,  367;  J.  pr.  Chem.  1892  [ii],  45,  119; 
Tilden,  J.C.8.  1888,  53,  879;  1896,  69,  1009;  Stschukarev,  J.  pr.  Chem.  1893  [ii], 
47,  191;  Wallach,  Annalen,  1891,  264,  1;  Armstrong,  J.C.8.  1896,  69,  1397. 

t  Cf.  Aschan,  Ber.  1928,  61,  43. 

}  Ber.  1900,  33,  3423. 
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regarding  the  mechanism  of  the  chlorination  of  a-pinene  apply 
also  to  its  broiuination. 

Iodine  reacts  with  a-pinene  with  great  facility,  but  the 
products  which  are  formed  are  very  unstable,  decomposing 
readily  with  formation  of  p-cymene.* 

Although  a  complete  and  satisfactory  explanation  of  the 
action  of  hydrogen  chloride  on  a-pinene  has  only  been  given 
recently, f  Kindt X  in  1802  made  the  historic  observation  that, 
when  hydrogen  chloride  was  passed  into  oil  of  turpentine, 
a  crystalline  substance  separated  and  to  this  he  gave  the  name 
"artificial  camphor".  As  was  to  be  anticipated,  this  interesting 
substance,  later  known  as  "pinene  hydrochloride",  has  been  the 
subject  of  a  large  number  of  investigations^  and  it  was  found 
that  it  could  be  prepared  also  by  the  passage  of  hydrogen 
chloride  into  solutions  of  oil  of  turpentine  in  various  solvents 
such  as  carbon  disulphide  and  benzene.  It  was  further  observed 
that  the  crystalline  hydrochloride,  the  composition  of  which, 
C10H17C1,  was  correctly  determined  by  Dumas  and  Blanchet 
and  Sell,  was  always  accompanied  by  liquid  hydrochlorides  of 
approximately  the  same  composition.  From  this  mixture  Tilden 
succeeded  in  separating  a  crystalline  dihydrochloride,  C10H16, 
2HC1,  m.p.  50°,  identical  with  that  prepared  from  limonene,  and 
he  suggested  that  the  liquid  hydrochloride  was  probably  a 
mixture  of  "artificial  camphor"  and  dipentene  dihydrochloride, 
which  he  showed  experimentally  to  have  a  very  low  melting- 
point.  This  view  was  shared  by  Wallach,||  but  the  more  recent 
experiments  of  Aschan,H  which  are  discussed  on  p.  144,  have 
shown  this  to  be  not  quite  correct.  For  many  years  "artificial 
camphor"  was  naturally  regarded  as  a  true  derivative  of  pinene, 
but  the  classical  investigations  of  Berthelot,**  supplemented  by 

*  Deville,  AnnaUn,  1841,  37,  191;  Kekule  and  Bruylants,  Ber.  1873,  6,  437; 
Oppenheim,  ibid.  1874,  7,  625;  Preis  and  Rayman,  ibid.  1879, 12,  1358;  Armstrong, 
ibid.  1756;  Denaro  and  Scarlato,  Gazzetta,  1903,  33,  393. 

t  Aschan,  Of  vers.  Finska  Vet.  Soc.  1914,  57,  no.  1;  Meerwein,  Ber.  1920,  53,  1825; 
Meerwein  and  Emster,  ibid.  1922,  55,  2521. 

J  Tromms.  J.  Pharm.  1802,  11,  n,  132. 

§  Inter  al.  Dumas,  Annalen,  1832,  6,  275;  1834,  9,  56;  Blanchet  and  Sell,  ibid. 
1832,  6,  259;  Berthelot,  Ann.  chim.  1854  [iii],  40,  5,  31;  Tilden,  Ber.  1879, 12,  1131; 
Flavitzky,  J.  Buss.  Phys.  Chem.  Soc.  1880,  12,  57. 

||  Annalen,  1887,  239,  5. 

1i  Ibid.  1912,  387,  2. 
**  Ibid.  1858,  110,  307;  Compt.  rend.  1862,  55,  496. 
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those  of  Riban,*  rendered  this  improbable.  Berthelot  found  that, 
when  hydrogen  chloride  was  removed  from  "artificial camphor  ", 
pinene  was  not  regenerated  but  a  new  crystalline  terpene, 
camphene.  He  concluded,  therefore,  that  "artificial  camphor" 
was  a  derivative  of  camphene,  although  it  differed  from  the 
hydrochloride  prepared  by  Riban  by  the  action  of  hydrogen 
chloride  on  camphene.  This  latter  hydrochloride  is  now  known 
as  isobornyl  chloride,  but  the  relationship  of  "artificial  camphor" 
(bornyl  chloride),  ^obornyl  chloride  and  camphene  hydro- 
chloride was  only  determined  much  later  and  is  discussed  on 
p.  285.  Berthelot's  investigations,  however,  showed  conclusively 
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that  "artificial  camphor"  was  not  a  true  derivative  of  pinene 
and  paved  the  way  for  its  subsequent  recognition  as  bornyl 
chloride  (CLVI). 

True  pinene  hydrochloride  (CLVII)  has  been  described  by 
Aschan,|  and  by  Meerwein  and  Emster.J  According  to  Aschan§ 
the  hydrochloride  is  formed  by  the  action  of  gaseous  hydrogen 
chloride  on  a-pinene  containing  from  4  to  10  per  cent,  of  ether 
at  —  15°,  and  is  an  oil  having  a  suffocating  odour.  It  was  not 
obtained  pure  and  free  from  bornyl  chloride,  but  proof  of  its 
presence  was  deduced  from  the  fact  that  on  treatment  of  the 

*  Ann.  chim.  1875  [v],  6,  23,  363. 

t  Of  vers.  Finska  Vet.  Soc.  1914,  57,  no.  11. 

t  Ber.  1922,  55,  2521. 

§  A  fuller  account  of  these  experiments  is  given  by  Aschan,  NapMenverbindungen, 
Terpene  und  Campherarten,  pp.  191-197. 
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crude  hydrochloride  with  aniline  the  temperature  rose  to  80° 
and  a  mixture  of  bornyl  chloride  and  a-pinene  was  obtained.  The 
previous  failure  to  prepare  pinene  hydrochloride  Aschan  ascribes 
to  the  fact  that,  at  the  ordinary  temperature,  the  pinacoline 
change  (p.  285)  of  pinene  hydrochloride  into  bornyl  chloride 
proceeds  faster  than  the  addition  of  hydrogen  chloride  to  pinene. 
The  experimental  results  described  by  Meerwein  and  Emster  are 
not  in  complete  agreement  with  those  of  Aschan.  They  found 
that,  when  a-pinene  in  light  petroleum  solution  was  treated  with 
hydrogen  chloride  at  —  70°,  a  crystalline  pinene  hydrochloride, 
mixed  with  bornyl  chloride,  was  obtained.  This  chloride  was 
immediately  decomposed  by  either  water  or  alcohol  (hence  the 
pungent  smell  noted  by  Aschan)  and  it  titrated  in  these  solvents 
like  free  hydrochloric  acid.  It  was,  however,  stabilised  by  ether, 
although,  if  this  solvent  was  used  as  a  diluent  in  its  preparation, 
the  velocity  of  the  addition  of  hydrogen  chloride  was  enormously 
decreased.  In  this  fact,  Meerwein  and  Emster  find  a  possible 
explanation  of  the  isolation  by  Aschan  of  a-pinene  by  the  action 
of  aniline,  which  they  suggest  may  have  been  present  in  his 
pinene  hydrochloride  owing  to  incomplete  addition.  It  should 
be  pointed  out,  however,  that  the  marked  rise  in  temperature 
which  Aschan  observed  in  this  reaction  does  not  support  this 
explanation.  The  crystalline  hydrochloride  exhibits  considerable 
stability ,  and  it  can  be  kept  in  ethereal  solution  at  room  tempera- 
ture for  several  days  without  undergoing  any  change.  The 
promised  further  study  of  this  hydrochloride  should  give  results 
of  considerable  interest. 

Aschan*  and  Kondakov  and  Saprikin|  have  attempted  to 
prepare  pinene  hydrochloride  indirectly  by  treating  a-pinene 
with  camphene  hydrochloride  or  with  the  hydrochlorides  of  the 
bases,  ammonia,  hydroxylamine,  trimethylamine,  aniline,  pyri- 
dine, cocaine  and  quinine.  In  all  cases,  however,  isomerisation 
occurs  with  the  formation  of  bornyl  chloride. 

By  the  action  of  hydrogen  bromide  and  of  hydrogen  iodide 
on  a-pinene  bornyl  bromide  and  bornyl  iodide  are  obtained,  the 
corresponding  true  pinene  derivatives  not  having  been  pre- 
pared. 

*  Ofvers.  Finsha  Vet.  Soc.  1916,  58. 
f  Bull.  Soc.  chim.  1925  [iv],  37,  726. 
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Results  of  considerable  interest  have  been  obtained  from  a 
study  of  the  action  of  hypochlorous  acid  on  a-pinene,  the  earlier 
work  on  this  subject  by  Wagner  and  his  collaborators*  having 
been  extended  by  Henderson  and  Marsh. f  The  reaction  un- 
doubtedly proceeds  in  a  somewhat  complicated  manner  and  the 
interpretation  of  the  results  of  Wagner  and  his  collaborators  is 
rendered  difficult,  since  the  method  employed  for  the  isolation 
of  the  products  involved  treatment  with  alkali  and  consequential 
secondary  reactions.  It  is,  however,  clear  that,  under  the  con- 
ditions used  both  by  Wagner  and  by  Henderson  and  Marsh,  one 
molecule  of  the  hydrocarbon  always  reacts  with  two  molecules 
of  hypochlorous  acid  with  fission  of  the  ci/cfobutane  ring.  This 
being  the  case,  it  is  obvious  that  the  primary  product  of  the 
reaction  may  be  any  one  of  the  four  dichlorohydrins  (CLVIII), 
(CLIX),  (CLX)  and  (CLXI),  depending  upon  the  direction  in 
which  the  addition  occurs.  Apart  from  structural  isomerism  the 
possibility  of  both  optical  and  cis-trans  isomers  has  to  be  taken 
into  account. 

In  their  first  experiments  Wagner  and  Ginsberg  treated  a- 
pinene  in  ice-cold  solution  with  hypochlorous  acid  and,  after 
neutralisation  of  the  excess  of  mineral  acid  with  alkali,  they 
obtained  an  optically  inactive  monochlorohydrin,  C10H17O2Cl,  m.p. 
105-107°,  and  an  optically  active  isomeride,  m.p.  131-133°, 
together  with  cis-pinolglycol  (CLXVI).  This  result  was  confirmed 
by  Ginsberg,  who  obtained  in  addition  a  dichloride,  C10H16C12, 
m.p.  165-168°,  which  was  subsequently  shown  by  Henderson 
and  Marsh  to  melt  at  176°  and  to  be  identical  with  bornyl 
dichloride. 

An  insight  into  the  mechanism  of  the  formation  of  the  mono- 
chlorohydrins  resulted  from  the  later  work  of  Wagner  and 
Slawinski.  From  the  crude  reaction  mixture,  which  had  the 
composition  of  a  dichlorohydrin,  C10H1802C12,  a  crystalline  solid 
slowly  separated.  This  substance,  which  was  optically  active, 
melted  at  136-137°,  and  was  undoubtedly  cis-1  :  2-dichloro-j)- 
menthane-6  :  8-diol  (sobrerol  dichloride)  (CLX),  since,  when  treated 
with  alkali,  it  gave  pinol  oxide  (CLXII),  whilst  on  reduction 

*  Wagner  and  Ginsberg,  Ber.  1896,  29,  886;  Ginsberg,  J.  Buss.  Phys.  Chem.  Soc. 
1898,  30,  686;  Wagner  and  Slawinski,  Ber.  1899,  32,  2064. 
t  J.C.S.  1921,  119,  1492. 
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with  zinc  dust  in  alcoholic  solution  it  gave  sobrerol  (CLXIII). 
This  constitution  for  the  dichlorohydrin  was  confirmed  by 
Henderson  and  Marsh,  who  prepared  it  by  the  direct  addition 
of  chlorine  to  sobrerol. 

As  the  greater  part  of  the  reaction  product  could  not  be 
obtained  crystalline,  Wagner  and  Slawinski  resorted  to  treat- 
ment with  alkali  in  order  to  ascertain  the  nature  of  the  substances 
present,  They  obtained  in  this  manner  (i)  pinol  oxide  (CLXII), 
(ii)  ip-menthane-1  :  2  :  6  :  S-tetrol  (sobreroerythritol)  (CLXVII),  m.p. 
193-194°,  (hi)  an  optically  active  pinolglycolchlorohydrin,  m.p. 
131-132°  and  (iv)  in  very  small  quantity,  an  isomeric  pinol- 
glycolchlorohydrin. The  first  two  of  these  products  can  obviously 
result  from  any  of  the  four  possible  dichlorohydrins,  and  throw, 
therefore,  no  light  on  the  nature  of  the  products  present  in  the 
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oil.  The  optically  active  pinolglycolchlorohydrin,  m.p.  131-132°, 
[a]D  +  88-3°  and  —  87-39°  (in  the  opposite  sense  to  the  a-pinene 
from  winch  it  was  prepared),  gave  with  alkali  cis-pinolglycol 
(CLXVI),  m.p.  123-124°.  It  must  therefore  have  formula 
(CLXV)*  and  should  apparently  result  from  the  dichlorohydrin 
(CLXI).  Whilst  this  is  the  simplest  explanation  of  its  formation, 
it  can  also  be  formed  from  the  dichlorohydrin  (CLX),  since 
Henderson  and  Marsh  found  that,  when  this  substance  was 
treated  with  very  dilute  alkali,  a  chlorohydrin,  m.p.  70-71°,  was 
obtained,  which  readily  gave  a  nitrobenzoate,  m.p.  125°,  and 
contained,  therefore,  a  secondary  alcohol  group.  This  glycol,  to 
which  they  gave  formula  (CLXIV),  passed  with  extreme  facility 
into  the  optically  inactive  form  of  (CLXV),  m.p.  104°,  which 
was  also  prepared  by  mixing  equal  quantities  of  the  d-  and 
Z-forms,  m.p.  131-132°.  From  the  experiments  of  Wagner  and 
his  collaborators,  therefore,  the  conclusion  may  be  drawn  that, 
by  the  action  of  hypochlorous  acid  on  a-pinene,  the  main  product 
formed  is  the  dichlorohydrin  (CLX)  with  possibly  a  small 
quantity  of  (CLXI).  Henderson  and  Marsh  were,  however, 
successful  in  separating  two  more  crystalline  dichlorohydrins ; 
one  of  these,  m.p.  124-126°,  was  optically  active  and  must  there- 
fore be  2  :  8-dichloro-~p-menthane-l  :  Q-diol  (CLIX),  since  this 
formula  alone  of  the  remaining  formulae  allows  of  optical 

*  The  alternative  formula  (^1)  cannot  be  correct,  since  this  substance,  m.p.  52-54°, 
was  prepared  by  Ginsberg  (J.  Buss.  Phys.  Chem.  Soc.  1908,  30,  681)  by  the  action  of 
hypochlorous  acid  on  pinol  and  was  found  to  contain  a  secondary  alcohol  group. 
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activity.  On  treatment  with  alkali  it  gave  Z-pinolglycol-2- 
chlorohydrin  (CLXV)  with  a  trace  of  pinol  oxide.  The  other  di- 
chlorohydrin,  m.p.  155°,  was  also  optically  active;  Henderson 
and  Marsh  suggest  that  it  is  derived  from  /3-pinene,  but  the  quan- 
tity available  was  insufficient  for  an  investigation  of  its  reactions. 

As  mentioned  above,  Ginsberg  obtained  bornyl  dichloride  by 
the  action  of  hypochlorous  acid  on  a-pinene,  and  the  corre- 
sponding bromide  appears  to  be  the  main  product  when  hypo- 
bromous  acid  is  used.*  The  mechanism  involved  in  the  forma- 
tion of  the  dihalide  derivatives  has  not  been  determined.  They 
can  result  either  from  the  presence  of  free  halogen  in  the  acid 
used,  or  by  the  elimination  of  water  from  an  intermediate  product 
of  the  type  (CLXVIII). 
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By  the  action  of  the  phosphorus  halides,  thionyl  chloride  and 
analogous  reagents,  either  ^-cymene  or  the  bornyl  halides  result. 
Thus  with  phosphorus  trichloride  Naudinf  obtained  ^-cymene 
in  a  yield  of  75  per  cent.,  whilst  with  the  pentachloride  at  25° 
Bert  J  obtained  a  mixture  of  p-cymene  (13  per  cent.),  a  diterpene 
and  a  mixture  of  chlorides,  one  of  which,  C10H16C12,  m.p.  183°, 
was  probably  bornyl  dichloride.  Schmidt§  claims  that  thionyl 
chloride  and  sulphuryl  chloride  react  with  <x-pinene  to  give 
bornyl  chloride  in  a  yield  of  80  per  cent.,  but  the  experiments 
of  Garino  and  D'Ambrosio||  show  that,  in  the  case  of  the  former 
reagent  at  any  rate,  the  reaction  is  very  much  more  complex. 
From  a-pinene  they  prepared  a  liquid  dichloride,  C10H16C12, 
which  they  regard  as  a  true  pinene  derivative,  and  which  on 


*  Wagner  and  Ginsberg,  Ber.  1896,  29,  890. 
t  Bull.  Soc.  chim.  1882  [ii],  37,  111. 
§  G.P.  397314. 


t  Ibid.  1923  [iv],  33,  787. 
||  Gazzetta,  1924,  54,  345. 
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distillation  in  steam  decomposed,  yielding  a  mixture  of  bornyl 
chloride  and  a  trichloride  which  they  represent  by  (CLXIX).  In 
view,  however,  of  the  known  instability  of  the  halogenated 
pinanes,  it  seems  very  unlikely  that  the  substance  can  have  this 
formula,  and  until  direct  evidence  of  the  presence  of  the  cyclo- 
butane  is  forthcoming,  it  is  probably  best  regarded  as  a  trichloro- 
camphane  or  fenchane. 


Aluminium  chloride  polymerises  a-pinene  to  a  crystalline  sub- 
stance, (C10H16)n,  m.p.  77-78°,  which  when  heated  with  the 
reagent  is  depolymerised  to  substances  resembling  in  their 
properties  the  so-called  naphthenes.* 

In  view  of  Ruzicka's  successful  application  of  Atterberg's 
method  of  dehydrogenation  with  sulphur  to  the  elucidation  of 
the  structure  of  the  sesquiterpenes,  it  is  of  interest  to  note  that 
Budnikov  and  Schilov|  have  found  that  a-pinene  reacts  with  sul- 
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*  Steinkopf  and  Freund,  Ber.  1914,  47,  411. 

t  Ber.  1922,  55,  3848;  cf.  Nakatsuchi,  J.  Soc.  Chem.  Ind.  Japan,  1930,  33,  408 B. 
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phur  to  give  an  additive  derivative  which,  from  analogy  with  the 
ozonide,  is  given  formula  (CLXX) .  Although  the  compound  itself 
could  not  be  purified,  it  gave  a  crystalline  methoiodide,  m.p.  121°. 

Reference  has  been  made  already  to  the  important  derivative 
pinene  nitrosochloride,  and  the  constitution  and  reactions  of  this 
substance  must  now  be  discussed.  Pinene  nitrosochloride  was 
first  prepared  by  Tilden*  by  the  action  of  nitrosyl  chloride  on 
the  hydrocarbon,  and  its  properties  were  subsequently  studied  by 
him  in  collaboration  with  Shenstone.  f  Some  years  later  Wallach  J 
simplified  the  preparation  by  substituting  for  nitrosyl  chloride 
a  mixture  of  amyl  nitrite  (or  ethyl  nitrite)  and  hydrochloric  acid 
and,  whilst  this  method  is  now  in  general  use,  the  yield  of  nitro- 
sochloride is  considerably  greater,  as  Tilden§  has  shown,  if  his 
original  method  is  employed.  Pinene  nitrosochloride  can  be 
purified  by  recrystallisation  from  either  benzene  or  chloroform, 
but  it  is  decomposed  if  heated  for  any  length  of  time  with  either 
of  these  solvents.  The  melting-point  as  originally  determined  by 
Tilden  and  Shenstone  was  103°,  but  according  to  Tilden  this  is 
too  low.  When  well  washed  with  alcohol  and  dried  it  melts  at 
109-111°  and  after  recrystallisation  from  chloroform  at  115°. 
Since  the  melting  is  accompanied  by  decomposition,  it  varies 
somewhat  with  the  rate  of  heating  and  is,  as  a  general  rule,  found 
to  be  about  105-108°. 

In  his  early  investigation  it  was  observed  by  Tilden  that  the 
same  pinene  nitrosochloride,  which  was  optically  inactive,  was 
obtained  independent  of  whether  d-  or  Z-ct-pinene  was  used  in 
its  preparation,  and  further,  that  the  yield  of  nitrosochloride 
diminished  with  increase  of  the  rotatory  power  of  the  terpene. 
The  cause  of  this  apparent  anomaly  has  been  found  by  Lynn|| 
to  He  in  the  much  greater  solubility  and  instability  of  the 
optically  active  nitrosochlorides.  By  suitable  modification  of 
the  experimental  conditions  Lynn  has  prepared  the  two  optically 
active  nitrosochlorides,  m.p.  81-81-5°,  [a]D  ±  322°. 

In  the  absence  of  molecular  weight  determinations  pinene 
nitrosochloride  was  given  the  simple  formula  C10H16ONC1,  and 
was  represented  as  an  oximino  chloride  (CLXXI)  .H  Although  this 

**  J.C.S.  1875,  28,  514.  t  Ibid.  1877,  31,  761. 

J  Annalen,  1888,  245,  201;  1889,  253,  251.  §  J.C.S.  1904,  85,  760. 

||  J.  Amer.  Chem.  Soc.  1919,  41,  361 ;  cf.  Thurber  and  Thielke,  ibid.  1931,  53, 1030. 

H  The  constitution  of  pinene  had  of  course  not  been  determined  at  the  time  of 
Tilden's  original  experiments. 
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formula  is  in  full  accord  with  its  reactions  it  has  been  shown  that, 
as  originally  suggested  by  Baeyer,*  the  colourless  crystalline 
solid  is  bimolecular  (CLXXII). 


C:NOH 


H..C 


CH 
(CLXXI) 


CH— N202— HC 


(CLXXII) 


The  reactions  of  pinene  nitrosochloride  have  been  very 
thoroughly  investigated  and  it  has  been  found  to  yield  products 
of  great  interest,  many  of  which  have  been  of  fundamental 
importance  in  the  development  of  terpene  chemistry.  In  view  of 
the  somewhat  indefinite  melting-point  of  the  nitrosochloride, 
Wallach's  observation, f  that  it  gave  on  treatment  with  organic 
bases  highly  crystalline  nitrolamines,  was  of  great  value.  With 
benzylamine  the  nitrolbenzylamine,  m.p.  122-123°,  and  with 
piperidine  the  nitrolpiperide,  m.p.  118-119°,  can  be  prepared, 
the  corresponding  optically  active  modifications  melting  ac- 
cording to  Lynn  at  144-145°  and  84°  respectively.  Leachf  has 
prepared  the  simplest  pinene  nitrolamine,  m.p.  137°,  by  treat- 
ment of  the  nitrosochloride  with  ammonia.  When  the  nitroso- 
chloride is  treated  with  aniline  under  the  usual  conditions, 
however,  contrary  to  expectation  Wallach§  found  that  the 
parent  hydrocarbon  was  regenerated.  This  abnormal  and  ap- 
parently unique  reaction  provided  a  valuable  method  for  the 
preparation  of  pure  t^-a-pinene  free  from  /3-pinene  and,  as 
mentioned  on  p.  102,  enabled  Baeyer  to  prove  that  nopinic  acid 
was  derived  from  the  latter  hydrocarbon.  More  recently  Lynn 
by  the  use  of  this  reaction  has  prepared  d-  and  Z-a-pinenes  from 

*  Ber.  1895,  28,  648. 

t  Inter  al  Annalen,  1888,  245,  253;  1889,  252,  130;  1892,  268,  216. 

%  J.C.S.  1907,  91,  1.  §  Annalen,  1889,  252,  132;  1890,  252,  343. 
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the  optically  active  nitrosochlorides.  In  an  attempt  to  find  an 
explanation  for  this  abnormality,  the  reaction  has  been  studied 
in  some  detail  by  Earl  and  Kenner,*  who  have  shown  that,  if 
the  nitrosochloride  is  allowed  to  react  with  aniline  in  alcoholic 
solution  in  the  presence  of  sodium  acetate,  pinene  nitrolanilide, 
m.p.  122°,  can  be  prepared.  They  consider  the  formation  of  the 
hydrocarbon  to  be  due  to  the  great  tendency  for  elimination  of 
hydrogen  chloride  to  occur  with  formation  of  nitrosopinene  and 
they  offer  a  theoretical  explanation  to  account  for  this. 

The  instability  of  pinene  nitrosochloride  and  the  facility  with 
which  it  could  be  converted  into  nitrosopinene  was  observed  by 
Tilden,  who  showed  that  this  substance,  which  had  the  com- 
position C10H15ON,  m.p.  132°,  could  be  readily  prepared  by  the 
action  of  an  alcoholic  solution  of  potassium  hydroxide  on  the 
nitrosochloride.  Wallach  and  Lorentzf  found  sodium  ethylate 
to  be  a  more  convenient  reagent,  whilst  Earl  and  Kenner  ob- 
served that  it  was  formed  when  the  nitrosochloride  was  boiled 
with  carbon  tetrachloride.  The  constitution  of  nitrosopinene  has 
been  the  subject  of  considerable  controversy  and  it  is  only  quite 
recently  that  definite  proof  of  its  structure  has  been  obtained. 
Tilden  considered  it  to  be  a  true  nitroso  derivative  and  this  view 
was,  for  a  time,  shared  by  Wallach, {  although  Goldschmidt  and 
Zurrer  §  had  pointed  out  that,  since  it  was  soluble  in  both  acids 
and  alkalis,  it  contained  most  probably  an  isonitroso  group, 
confirmation  of  which  was  obtained  by  the  preparation  of  a 
sodium  derivative  and  a  methyl  ether.  Further  experimental 
evidence  in  favour  of  the  isonitroso  constitution  was  provided 
by  the  experiments  of  Urban  and  Kremers||  and  of  Kremers,1I 
who  showed  that  on  digestion  with  acids  a  mixture  of  hydroxyl- 
amine  and  carvacrol  was  obtained.  This  reaction  evidently 
proceeded  with  the  intermediate  formation  of  carvoxime  hydro- 
chloride, which  Baeyer**  found  was  formed  when  nitrosopinene 
was  treated  in  the  cold  with  hydrogen  chloride.  The  presence  of 
an  isonitroso  group  being  thus  established,  the  most  obvious 
constitution  was  that  represented  by  (CLXXIII),  simple  elimina- 

*  J.C.S.  1927,  p.  1269.  t  Annalen,  1892,  268,  198. 

t  Ber.  1891,  24,  1547;  1895,  28,  1213.  §  Ibid.  1885,  18,  2223. 

|l  Amer.  Chem.  J.  1894,  16,  404.  If  Ibid.  1895,  17,  607. 
**  Ber.  1896,  29,  12. 


154 


PINANE  AND  ITS  DERIVATIVES 


PT.  I 


lion  of  hydrogen  chloride  from  the  nitrosochloride  having 
occurred.  This  view  of  the  mechanism  of  the  reaction  received 
support  from  the  experiments  of  Deussen.*  He  showed  that 
nitrosopinene  gave  a  phenylur  ethane,  m.p.  101-102°,  and  that, 
when  the  nitrosochloride  was  treated  with  sodium  methylate,  in 
addition  to  nitrosopinene,  a  methyl  ether,  CnH1902N  (CLXXIV), 
m.p.  101-102°,  was  obtained.  This  substance,  like  nitrosopinene, 
must  contain  an  £<sonitroso  group,  since  it  gives  a  phenylurethane, 
m.p.  102°,  and  on  treatment  with  hydrogen  chloride  gives 
d\-carvoxime  hydrochloride  (CLXXV).  According  to  Deussen 
these  reactions  may  be  formulated : 
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Although  this  formula  for  nitrosopinene  was  generally  ac- 
cepted,! it  formed  a  notable  exception  to  Bredt's  rule,}  that 

*  Annalen,  1910,  374,  110.  f  Cf.  Wallach,  Annalen,  1912,  389,  185. 

%  Ber.  1902,  35,  1206;  J.  pr.  Chem.  1917  [ii],  95,  132. 


ch.  hi  PINANE  AND  ITS  DERIVATIVES  155 


substances  having  an  ethylenic  linkage  attached  to  a  dicyclic 
ring  were  extremely  unstable  and  tended  to  isomerise  to  a 
more  stable  form.  Now  nitrosopinene  is  a  substance  of  very 
considerable  stability.  It  can  be  reduced  by  zinc  dust  and  acetic 
acid  to  the  corresponding  unsaturated  amine,  pinylamine*  b.p. 
90°/12  mm.,  d*°°  0-9440,  n£°  1-5036,  which,  accepting  the  formula 
(CLXXIII)  for  nitrosopinene,  must  be  (CLXXVI).  Like  nitroso- 
pinene, pinylamine  is  a  stable  substance,  which  is  not  in  agree- 
ment with  this  formula. 

The  problem  of  the  constitution  of  nitrosopinene  and  pinyl- 
amine has  been  reinvestigated  by  Ruzicka  and  Treblerf  and 
they  have  found  that,  when  nitrosopinene  is  oxidised  with  ozone, 
it  yields  isonitrosonopinone  (CLXXIX),  whilst  acetylpinylamine 
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*  Wallach,  Annalen,  1890,  258,  346;  1892,  268,  197;  1898,  300,  287;  1906,  346,  240. 
t  Helv.  Chim.  Acta,  1921,  4,  566. 


15(5 


P  INANE  AND  ITS  DERIVATIVES 


PT.  I 


gives  with  the  same  reagent  acetyl- 1  -aminonopinone  (CLXXX). 
These1  experiments  prove  conclusively  that  nitrosopinene  and 
acetylpinylamine  must  be  derivatives  of  /3-pinene  and  have 
formulae  (CLXXVII)  and  (CLXXVIII)  respectively. 

The  allocation  of  these  formulae  to  nitrosopinene  and  pinyl- 
amine  involves  certain  difficulties  which  must  now  be  discussed. 
Wallach*  had  shown  that  pinylamine  on  treatment  with  nitrous 
acid  gave  a  secondary  alcohol,  pinocarveol  (p.  187),  from  which 
by  oxidation  the  corresponding  ketone,  pinocarvone  (p.  203),  was 
prepared.  The  oxime  of  the  ketone  melted  at  98°  and  was  not 
identical  with  nitrosopinene,  whilst  on  reduction  the  oxime  gave 
ah  amine  differing  from  pinylamine.  These  substances  all  con- 
tain the  c?/dobutane  ring,  since  they  yield  on  oxidation  pinic 
acid,  and  to  account  for  their  formation  Wallach  formulated  the 
changes  occurring  in  accordance  with  the  following  scheme : 
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*  Annalen,  1906,  346,  221. 
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Wallach's  view  that  nitrosopinene  and  pinocarvoxime  had 
different  structures  appeared  to  receive  support  from  his  further 
observation*  that,  when  nitrosopinene  was  warmed  with  oxalic 
acid,  it  gave  a  ketone,  carvopinone,  and  this  ketone  reacted  with 
hydroxylamine  to  yield  nitrosopinene,  A  satisfactory  explana- 
tion of  these  results  has  been  suggested  by  Ruzicka  and  Trebler. 
They  regard  nitrosopinene  and  pinocarvoxime,  pinylamine  and 
pinocarvylamine,  as  stereoisomerides  and  not  structural  iso- 
merides.  The  two  amines  would  then  have  formulae  (CLXXXI) 
and  (CLXXXII),  in  which  the  thick  line  lies  above  and  the 
dotted  line  below  the  plane  of  the  paper.  The  two  oximes,  m.p. 
132°  and  98°,  can  be  explained  by  the  usual  syn-anti-isomevism 
indicated  by  the  partial  formulae  (CLXXXIII)  and  (CLXXXIV). 


CH2  CH2 


(CLXXXIII)  (CLXXXIV) 


Nitrosopinene,  pinylamine,  pinocarvone  and  pinocarvylamine 
conform  therefore  to  the  Bredt  rule  and,  as  their  structure 
implies,  are  substances  of  considerable  stability.  On  the  other 
hand,  carvopinone  is  highly  unstable.  It  can  only  be  obtained 
from  nitrosopinene  in  very  small  yield,  and  when  its  semicarbazone 
is  hydrolysed  with  oxalic  acid  isomerisation  occurs  to  a  very  con- 

*  Annalen,  1906,  346,  231. 
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siderable  extent  with  the  formation  of  dZ-carvone  (CLXXXVI). 
Carvopinone  is  considered  therefore  by  Ruzicka  and  Trebler  to 
be  a  true  derivative  of  a-pinene  and  to  have  the  structure 
(CLXXXV),  which  would  account  for  its  ready  conversion  into 
carvone. 

CH2  CH3  CH3 


A  number  of  interesting  derivatives  of  pinene  nitrosochloride 
have  been  prepared.  Forster  and  Newman*  have  shown  that, 
when  it  is  treated  with  sodium  azide,  it  yields  pinene  nitrosoazide, 
C10H16ON4  (CLXXXVII),  m.p.  120°.  By  the  action  of  sodium 
ethylate  the  azide  is  converted  into  nitrosopinene,  whilst  on 
digestion  with  water  it  gives  a  mixture  of  hydroxydihydro- 
carvoxime  (CLXXXVIII)  and  an  isomeric  pinene  nitrosoazide, 
m.p.  126°,  which  Forster  and  Newman  consider  to  be  the  struc- 
tural isomeride  (CLXXXIX),  since  it  also  gives  nitrosopinene 
when  treated  with  sodium  ethylate.  This  constitution  would, 
however,  appear  unlikely  and  the  two  isomerides  are  much 
more  probably  stereoisomerides. 

By  the  action  of  potassium  cyanide  on  pinene  nitrosochloride 
Tilden  and  Burrowsf  prepared  a  nitrite,  CuH16ON2,  m.p.  171°, 
which  doubtless  has  formula  (CXC),  simple  replacement  of  the 
halogen  atom  by  the  cyano  group  having  occurred.  The  nitrile 
is  readily  soluble  in  alkali  and  may  be  characterised  by  the 
preparation  of  the  methyl  ether,  m.p.  67°,  and  the  benzoyl  deriva- 
tive, m.p.  102°.  The  cyano  group  is  very  resistant  to  hydrolytic 
agents,  but  with  concentrated  sulphuric  acid  it  yields  an  amide, 

*  J.C.S.  1911,  99,  244. 

f  Ibid.  1905,  87,  344;  compare  Tilden  and  Blyther,  ibid.  1906,  89,  1563. 
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m.p.  220°,  which  in  the  absence  of  any  isomeric  change  must 
have  formula  (CXCI).  The  corresponding  acid  could  not  be 
prepared,  further  hydrolysis  being  accompanied  by  ring  fission. 
The  nature  of  the  products,  so  formed,  has  only  been  incom- 
pletely investigated  and  their  constitution  has  not  been  deter- 
mined. 
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Leach*  has  found  that  with  potassium  cyanate  pinene  nitroso- 
chloride  reacts  in  a  somewhat  different  manner,  two  molecules 
of  the  cyanate  reacting  with  one  of  the  nitrosochloride  to  give 
an  imide  (CXCIII),  m.p.  238-240°.  This  imide  results  probably 
from  the  combined  action  of  free  cyanic  acid  and  potassium 
cyanate  on  the  nitrosochloride,  the  intermediate  product 
(CXCII)  being  first  formed.  The  imide  is  remarkably  stable  to 

*  J.C.S.  1907,  71,  10. 
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oxidising  agents,  but  with  concentrated  sulphuric  acid  it  yields 
pinene  nitrolamine,  and  with  alkali  nitrosopinene. 
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Cusmano*  has  studied  the  action  of  hydroxylamine  on  pinene 
nitrosochloride  and  has  found  it  to  yield  pinene  hydroxylamino- 
oxime  (CXCIV),  m.p.  140°.  This  interesting  substance  gives 
with  nitrous  acid  the  isonitroamino-oxime  (CXCV),  m.p.  127°, 
which,  when  warmed  with  water  or  dilute  acetic  acid,  is  con- 
verted into  hydroxydihydrocarvoxime  (CXCVI),  and  with  alkali 
into  a  mixture  of  hydroxypinocamphoneoxime  (CXCVII),  m.p. 
128°,  and  nitrosopinene. 

Finally,  mention  must  be  made  of  the  experiments  of  Tilden 
and  Stokes  |  on  the  action  of  magnesium  methyl  iodide  on  the 
nitrosochloride.  This  reagent  is  found  to  react  with  both  the  halo- 
gen atom  and  the  ^onitroso  group,  yielding  metliylpinocamphone- 


*  Gazzetta,  1910,  40,  n,  122. 


t  J.C.S.  1905,  87,  836. 
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oxime  (CXCVIII),  m.p.  193°,  and  chlorohydrodimethylpinyl- 
amine  (CXCIX),  m.p.  122°. 
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Lextreit*  made  the  somewhat  remarkable  observation  that 
pinene  combined  with  picric  acid  to  yield  a  crystalline  derivative, 
m.p.  133°,  which  was  decomposed  by  alkali  yielding  borneol. 
This  compound  was  investigated  subsequently  by  Tilden  and 
Forster,!  wno  showed  that,  when  it  was  heated  above  its  melting- 
point,  it  decomposed  with  the  formation  of  camphene,  a  reaction 
which  occurred  also  when  its  solution  in  pyridine  was  distilled. 
These  reactions  leave  no  doubt  that  "pinene  picrate"  is  not  a 
derivative  of  a-pinene,  and  this  has  been  confirmed  by  the  more 
recent  experiments  of  Delepine  and  Adida,{  who  have  shown 
that,  by  the  interaction  of  the  optically  active  forms  of  cs-pinene 
with  picric  acid  in  benzene  solution  at  120°,  it  is  possible  to 
prepare  d-bornyl  picrate,  m.p.  134°,  [a]D  +  78°,  and  d-fenchyl 
picrate,  m.p.  106°,  [a]D  +  22°  (or  their  optical  enantiomorphs), 
which  can  be  separated  by  fractional  crystallisation. 

Owing  to  its  tendency  to  isomerise  a-pinene  has  not  been  used 
in  many  synthetical  investigations,  and  reference  need  only  be 
made  to  the  experiments  of  Buchner  and  Rehorst,§  in  which 
they  condensed  the  hydrocarbon  with  ethyl  diazoacetate  and 
prepared  the  tricyclic  ester  (CC),  b.p.  135°/12-5  mm.,  d\T  1-0059, 
nD  1-48288,  which  gave  on  hydrolysis  the  corresponding  acid, 
m.p.  165°.  Oxidation  of  this  acid  with  potassium  permanganate 
gave  terebic  acid  and  methylcjc\opropane-\  :  2  :  ^-tricarboxylic 
acid  (CCI),  m.p.  192°. 
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*  Cornet,  rend.  1886,  102,  555. 

t  J.C.S.  1893,  63, 1388;  compare  Murayama  and  Otsuka,  J.  Pharm.  Japan,  1924, 
513,  909. 

t  Bull.  Soc.  chim.  1926  [iv],  39,  782.  §  Ber.  1913,  46,  2680. 
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p-PINENE  (NOPINENE) 


HC 


Z-/3-Pinene  occurs  in  nature  in  the  majority  of  the  oils  in  which 
a-pinene  is  found;  the  percentage  present  however  is  very 
variable,  and  is,  as  a  rule,  considerably  lower  than  that  of  the 
latter.  The  dextrorotatory  hydrocarbon  has  apparently  only 
been  separated  from  one  oil,  Rutovski  and  Vinogradova*  having 
established  its  presence  in  the  oil  from  the  ripe  fruits  of  Ferula 
galbaniflua;  in  every  other  case  the  natural  hydrocarbon  has 
been  found  to  be  laevorotatory. 

Since  /3-pinene  does  not  yield  any  crystalline  derivatives  and 
can  only  be  separated  from  a-pinene  by  prolonged  fractional 
distillation,  it  is  not  surprising  that  its  discovery  was  fortuitous. 
During  his  investigation  of  the  products  formed  by  the  oxidation 
of  French  oil  of  turpentine  with  potassium  permanganate, 
Baeyerf  obtained  in  small  quantity  an  acid  which  gave  a 
sparingly  soluble  sodium  salt.  This  acid,  nopinic  acid,  C10H16O3 , 
m.p.  126-127°,  [a]D  -  16-28°  (in  ether),  was  not  formed  when 
pure  a-pinene  (from  the  nitrosochloride)  was  oxidised  under 
similar  conditions,  and  Baeyer  naturally  suggested  that  it 
originated  from  another  hydrocarbon.  Shortly  afterwards,  from 
a  study  of  its  reactions,  Baeyer  and  VilligerJ  correctly  deduced 
that  it  must  be  represented  by  formula  (II),  but  they  concluded, 
incorrectly,  that  it  was  formed  from  a-pinene  (I)  by  simultaneous 
oxidation  of  the  methyl  group  with  addition  of  water  to  the 
ethylenic  linkage. 

*  J.  pr.  Chem.  1928  [ii],  120,  44.      f  Ber.  1896,  29,  25.     J  Ibid.  1896,  29,  1923. 
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Nopinic  acid  was  isolated  also  by  Tiemann  and  Semmler*  and 
by  Wagner  and  ErtschickowskLj 

Baeyer  and  Villiger  based  their  formula  for  nopinic  acid  on 
the  following  evidence.  When  the  acid  was  oxidised  with  lead 
peroxide,  it  gave  a  ketone,  nopinone,  C9H140,  and  it  was  therefore 
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*  Ber.  1896,  29,  532. 


t  Ibid.  881. 
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an  a-hydroxy  acid.  Nopinone  was  a  saturated  ketone  and  gave 
on  oxidation  with  nitric  acid  homoterpenylic  acid  (IV),  a  reaction 
which  was  explained  most  simply  if  nopinone  was  the  dicyclic 
ketone  (III). 

On  digestion  with  dilute  sulphuric  acid  nopinic  acid  gives  by 
fission  of  the  c?/cZobutane  ring  an  acid,  C10H14O2,  m.p.  130-133°, 
which  must  be  a  dihydrocumic  acid,  since  on  oxidation  with 
potassium  ferricyanide  cumic  acid  (V)  is  obtained.  The  constitu- 
tion of  the  dihydro-acid  has  not  been  determined,  but  one  of 
the  ethylenic  linkages  is  probably  in  the  Apposition.  Ring  fission 
occurs  also,  when  nopinic  acid  is  treated  with  hydrogen  bromide 
in  acetic  acid  solution,  a  bromotetrahydrocumic  acid,  C10H15O2Br, 
m.p.  175°,  being  obtained.  The  constitution  of  this  acid  has  also 
not  been  determined,  but  treatment  with  silver  acetate  results 
in  the  formation  of  a  second  dihydrocumic  acid,  m.p.  125°,  from 
which  cumic  acid  can  be  prepared  by  oxidation  with  potassium 
ferricyanide.  These  experiments,  yielding  as  they  did  cumic  acid 
and  homoterpenylic  acid,  showed  that  the  ^opropyl  group  must 
form  part  of  the  ring  structure  in  nopinic  acid  and  nopinone,  and 
supported  therefore  the  formulae  suggested  by  Baeyer  and 
Villiger.  Although  subsequent  investigations  have  shown  that 
these  formulae  are  correct,  the  further  assumption,  that  the 
hydroxy  acid  was  derived  from  a-pinene,  has  been  shown  to  be 
erroneous.  Wagner  and  Slawinski*  were  apparently  the  first 
to  point  out  that  the  acid  was  more  probably  derived  from 
an  isomeric  hydrocarbon  containing  an  exocyclic  ethylenic 
linkage.  This  hydrocarbon,  to  which  the  name  /3-pinene  or 
nopinene  was  given,  was  not  however  obtained  pure  until  many 
years  later,  but  confirmatory  evidence  of  its  existence  was 
furnished  by  the  observation,  that  nopinic  acid,  whether  pre- 
pared from  dextro-  or  laevo-rotatory  oil  of  turpentine,  was  always 
laevorotatory.  Although  nopinone  was  first  characterised  by 
Baeyer  and  Villiger,  who  prepared  the  semicarbazone,  m.p.  188°, 
it  had  actually  been  isolated  previously  from  the  neutral  oxida- 
tion products  of  oil  of  turpentine  which  were  volatile  in  steam. f 
The  further  investigation  of  the  reactions  of  this  ketone  has  been 
due  mainly  to  Wallach.  He  found  that  it  could  be  prepared 

*  Ber.  1899,  32,  2082. 

t  Compare  Wallach,  Annalen,  1900,  313,  363. 
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much  more  conveniently  from  nopinic  acid,  if  an  acid  solution 
of  potassium  permanganate  was  used  in  place  of  lead  peroxide.* 
The  ketone,  which  melts  somewhat  above  0°,  has  the  following 
constants:!  b.p.  209°,  d20°  0-981,  n™'5°  1-4787,  [a]D  +  18-48°. 
When  treated  with  benzaldehyde  in  the  presence  of  alkali  it 
yields  a  monobenzylidene  derivative,  m.p.  106-107°, %  but,  if 
hj^drogen  chloride  is  used  as  the  condensing  agent,  a  chlorodi- 
benzylidene  derivative,  m.p.  148-149°,  is  obtained,  which  has 
the  structure  (VI).§ 


CO 

^CrCH.CeHg 
CH2 


H2i 


CH 
I 

C.C1 


H3C  CH3 

(VI)  (VII) 

When  nopinone  is  treated  with  hydrogen  chloride  in  alcoholic 
solution,  ring  fission,  together  with  condensation,  occurs  with  the 
formation  of  a  bimolecular  trichloride,  C18H290C13,  m.p.  148°, 
to  which  Wallach  and  Blumann||  assign  formula  (VII).  This 
trichloride  is  very  sparingly  soluble  and  is  well  suited  for  the 
characterisation  of  the  ketone.  On  treatment  with  sodium 
methylate  the  trichloride  loses  hydrogen  chloride,  yielding  a 
dichloride,  C18H280C12,  m.p.  125-126°,  which  is  reconverted  by 
hydrogen  chloride  into  the  trichloride.  The  tendency  for  nopinone 
to  yield  monocyclic  derivatives  is  shown  further  by  its  conversion 
by  the  action  of  dilute  sulphuric  acid  into  isopropyl-A2-cyclo- 
hexen-4:-one  (VIII),  which,  if  concentrated  acid  is  used,  is  accom- 
panied by  the  isomeric  ketone,  l-isopropylidenecjclohexan-4:-one 
(IX).I 

On  reduction  with  sodium  in  moist  ethereal  solution  nopinone 
yields  a  mixture  of  two  alcohols,  a-  and  /?-nopinol  (X).**  These 
two  alcohols  are  probably  stereoisomerides.   a-Nopinol,  m.p. 

*  Annalen,  1907,  356,  231.  f  Compare  Ostling,  J.C.S.  1912,101,474. 

t  Wallach,  Annalen,  1900,  313,  363.    §  Ibid.  1924,  437,  188. 
||  Annalen,  1907,  356,  231.  1  Rimini,  Gazzetta,  1916,  46,  n,  119. 

**  Wallach  and  Blumann,  Annalen,  1907,  356,  236. 


ch.  in  PINANE  AND  ITS  DERIVATIVES  167 


102°,  b.p.  204-205°,  [a]D  -  5-32°  (in  ether),  yields  a  phenylure- 
thane,  m.p.  131-132°,  whilst  p-nopinol  is  an  oil,  [a]D  —  15-03° 
(in  ether),  the  phenylurethane  melting  at  95-96°.  Nopinone  has 
been  used  in  a  number  of  synthetical  investigations,  the  most 
important  of  which  was  that  which  culminated  in  a  partial 
synthesis  of  /3-pinene.  Wallach*  showed  that,  when  the  ketone 
was  treated  with  magnesium  methyl  iodide,  l-methylnopinol 
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(XI),  m.p.  58-59°,  b.p.  204-205°,  [a]D  -  4-99°,  was  obtained.  It 
was  not  however  found  possible  to  dehydrate  this.  With  phos- 
phorus pentachloride  a  monochloride,  b.p.  95-105°/12  mm.,  is 
formed,  which  was  considered  by  Wallach  to  be  pinene  hydro- 
chloride (XII) ;  but  in  view  of  the  instability  of  this  substance 
(see  p.  143),  this  is  undoubtedly  incorrect,  and  the  substance  was 
probably  dipentene  monohydrochloride  (XIII). 


*  Annalen,  1907,  356,  234;  1908,  360,  88. 
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Wallach*  succeeded,  however,  in  effecting  a  partial  synthesis 
of  /3-pinene  from  nopinone  by  another  process.  By  condensation 
of  the  ketone  with  ethyl  bromoacetate  in  the  presence  of  zinc 
ethyl  nopinolacetate  was  prepared,  which  on  hydrolysis  gave  the 
corresponding  hydroxy  acid  (XIV).  Distillation  of  the  crude  acid 
under  diminished  pressure  yields  a  terpene,  b.p.  155-161°, 
d20°  0-863,  n™°  1-4699,  [a]D  +  15-93°,  consisting  essentially  of 
l-a-fenchene  (p.  443).  If  however  the  pure  acid,  m.p.  83-85°, 
is  dehydrated  with  sodium  hydrogen,  sulphate  pure  l-fi-pinene 
(XI Va)  is  obtained.  The  synthetic  hydrocarbon  boiled  at  162- 
163°,  d22°  0-8660,  n*0  1-4724,  [a]D  -  22-2°,  and  its  constitution 
was  established  by  oxidation  to  Z-nopinic  acid,  m.p.  126-127°, 
[a]D  -  16-02°. 


C.O 


H2C 


*  Annalen,  1907,  357,  49;  1908,  363,  9. 
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Although  a  partial  synthesis  of  /?-pinene  has  thus  been 
achieved,  it  must  be  pointed  out  that  there  is  no  direct  evidence 
of  the  presence  of  a  ci/cZobutane  ring  in  nopinone,  since  neither 
nopinone  nor  /3-pinene  yield  on  oxidation  any  acids  of  the  pinic- 
acid  series.  The  ready  conversion  of  /3-pinene  into  a-pinene 
affords,  however,  very  strong  evidence  of  the  correctness 
of  the  dicyclic  structure.  Nopinone  has  not  been  prepared 
synthetically.* 

Dupont  f  has  prepared  very  pure  Z-/3-pinene  by  the  fractional 
distillation  of  French  oil  of  turpentine.  The  constants  of  the 
hydrocarbon  from  this  source  are  in  good  agreement  with 
those  found  by  Wallach  for  the  synthetic  terpene,  d15°  0-874, 
rig*  1-4872,  [a]D  -  22-44°.  It  crystallises  at  -  75°  with  a  velocity 
of  196  mm.  per  minute. 

j8-Pinene  is  usually  identified  by  oxidation  to  nopinic  acid,  the 
characteristic  sparingly  soluble  sodium  salt  of  which  can  be 
readily  separated ;  the  most  suitable  conditions  for  carrying  out 
this  oxidation  have  been  described  by  Dupont  and  Brus.J 

In  its  general  reactions  /3-pinene  resembles  very  closely  a- 
pinene,  but  investigation  is  hampered  by  the  difficulty  of 
effecting  a  complete  separation  of  the  two  hydrocarbons.  The 
only  convenient  method  is  prolonged  fractional  distillation, 
although  Austerweil§  has  suggested  taking  advantage  of  the 
greater  solubility  of  j8-pinene  in  alcohol.  In  72  per  cent,  alcohol 
a-pinene  has  a  solubility  of  2  per  cent,  and  /3-pinene  of  9  per  cent., 
whilst  in  65  per  cent,  alcohol  at  15°  it  is  0-6  and  3-3  per  cent, 
respectively.  If  large  quantities  of  material  are  available,  this 
process  could  probably  be  applied  successfully.  A  further  diffi- 
culty in  investigating  the  reactions  of  /3-pinene  lies  in  the  great 
tendency  which  it  shows  to  isomerise  to  a-pinene.  Austerweil|| 
has  shown  that,  when  it  is  heated  with  rosin  at  160°  for  15  to 
20  hours,  over  70  per  cent,  is  isomerised.  The  change  does  not 
appear  to  be  reversible  and  other  catalysts  are  even  more 
effective,  since  Richter  and  WolffH  have  found  that,  when 

*  Compare  Perkin  and  Simonsen,  J.C.S.  1907,  91,  1736. 

t  Ann.  chim.  1924  [x],  1,  184;  compare  Darmois,  ibid.  1911  [viii],  22,  527; 
Pariselle,  Compt.  rend.  1921,  172,  1496. 

J  Ann.  chim.  1923  [ix],  19,  186;  cf.  Dupont,  Bull.  Inst.  Pin.  1929,  p.  269. 
§  G.P.  427418. 

||  Bull.  Soc.  chim.  1926  [iv],  39,  1643.  If  Ber.  1926,  59,  1733. 
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S-pinene  is  shaken  with  platinum  black  which  has  been  pre- 
viously saturated  with  hydrogen,  a  similar  isomerisation  occurs. 
When  heated  under  pressure  at  270°  polymerisation  to  a  diter- 
pene,  b.p.  170-185°/10  mm.,  d20°  0-8950,  1-5095,  [a]D  -  3-5°, 
occurs.* 

Vavonf  and  Lippf  have  shown  that  on  catalytic  hydrogena- 
tion  /3-pinene  behaves  hke  a-pinene  and  yields  pinane  (p.  87)— 
a  further  proof  that  the  two  hydrocarbons  contain  the  same  ring 
structures. 

On  auto-oxidation  in  the  presence  of  catalysts  /3-pinene  yields 
a  mixture  of  l-pinocarvone  (p.  203)  and  d-pinocarveol  (p.  187). § 

The  oxidation  of  /3-pinene  with  ozone  has  been  investigated 
by  Brus  and  Peyresblauques||  and  by  Schmidt. H  The  ozonolysis 
proceeds  smoothly  and  in  the  manner  anticipated,  yielding  form- 
aldehyde and  nopinone  in  a  yield  of  approximately  50  per  cent. 
A  small  quantity  of  a  lactone,  C9H1402,  m.p.  126-127°,  is  also 
formed;  the  constitution  of  this  has  not  been  determined. 
The  (Z-nopinone,  so  obtained,  is  probably  optically  pure,  since 
in  these  independent  investigations  the  rotatory  powers  of  the 
ketone  were  [a]D  +  18-2°  and  +  18-4°  respectively. 

Henderson  and  Chisholm**  have  examined  the  products  which 
are  formed  when  jS-pinene  is  oxidised  with  hydrogen  peroxide. 
The  oxidation  proceeds  in  a  somewhat  different  manner  to  that 
of  a-pinene  (p.  123),  yielding  a  mixture  of  borneol  (XVI),  fenchyl 
alcohol  (XVII)  and  possibly  a  polyhydric  alcohol,  which  was  not 
however  investigated.  Hydrogen  peroxide  acts,  therefore,  as  a 
hydrating  agent,  since  both  borneol  and  fenchyl  alcohol  result 
from  the  hydration  of  oil  of  turpentine. ft  The  mechanism  of  the 
formation  of  these  alcohols  from  the  primary  hydration  product 
(XV)  has  already  been  discussed  (p.  132). 

By  the  oxidation  of  /3-pinene  with  benzoyl  hydroperoxide 
Faiduttitt  has  prepared  p-pinene  oxide  (XVIII),  b.p.  98-99°/33 
mm.,  dll  0-963,        1-4756.  By  distillation  over  pumice  or  by 

*  Semmler  and  Jonas,  Ber.  1913,  46,  1567;  1914,  47,  2078. 
t  Compt.  rend.  1910,  150,  1127,  1428. 

j  Ber.  1923,  56,  2098.  §  Schmidt,  Ber.  1930,  63,  1130. 

||  Compt.  rend.  1928,  187,  984;  Brus,  Bull.  Inst.  Pin.  1929,  p.  271. 
H  Z.  angew.  Chem.  1929,  42,  126. 
**  J.C.8.  1924,  125,  107. 

tt  Compare,  Bouchardat  and  Lafont,  Compt.  rend.  1898,  126,  756;  Barbier  and 
Grignard,  Bull.  Soc.  chim.  1909  [iv],  5,  512,  519. 
tt  Compt.  rend.  1929,  189,  855. 
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the  action  of  zinc  chloride  in  ethereal  solution,  it  is  converted 
into  an  aldehyde,  b.p.  207-208°/755mm.,  d2f  0-977,  1-47703, 
which  Faidutti  suggests  is  dihydromyrtenal  (XIX),  although 
direct  proof  of  its  constitution  has  not  been  obtained.  If  this  be 
the  case  it  should  be  identical  with  the  aldehyde  prepared  by 
Wallach  from  /3-pinene  glycol  (see  below). 
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Although  the  main  product  formed  by  the  oxidation  of 
j8-pinene  with  potassium  permanganate  is  Z-nopinic  acid,  which 
according  to  Brus*  is  optically  pure,  [a]D  —  15-8°  (in  alcohol 
c  =  10),  two  other  products,  nopinone  and  fi-pinene  glycol  (XX), 
m.p.  76-78°,  are  also  formed.  The  glycol  was  first  prepared  by 
Wagner f  by  the  oxidation  of  oil  of  turpentine,  and  its  derivation 
from  /3-pinene  was  subsequently  established  by  Wallach.  {  When 
it  is  warmed  with  dilute  acids  it  gives  a  mixture  of  pinol  and 
an  aldehyde,  which  is  probably  represented  by  (XIX),  but  this 
substance  has  not  been  thoroughly  investigated. 


Henderson  and  Chisholm§  have  shown  that  with  chromyl 
chloride  /?-pinene  reacts  in  a  similar  manner  to  a-pinene,  yielding 
an  additive  compound,  C10H16 .  2Cr02Cl2 ,  which  is  decomposed 
by  water,  yielding  a  ketone,  C9H140,  identical  with  that  prepared 
from  a-pinene  (p.  125)  and,  in  addition,  a  mixture  of  aldehydes 
and  dl-tr&ns-pinolglycol,  m.p.  125°,  is  formed. 

/3-Pinene  does  not  yield  any  crystalline  dihalogen  derivatives, 
the  action  of  chlorine  and  bromine  giving,  as  Brus||  has  shown, 
bornyl  chloride  and  bromide  respectively.  These  are  evidently 
secondary  products  formed  by  the  action  of  the  hydrogen  halides 
on  the  hydrocarbon,  since  it  has  been  shown  by  many  investiga- 
torsll  that  with  the  halogen  acids  /3-pinene  behaves  in  exactly 

*  Compt.  rend.  1924,  179,  501. 
t  Ber.  1894,  27,  2274. 
X  Annalen,  1907,  356,  1. 
§  J.C.8.  1924,  125,  107. 
||  Compt  rend.  1928,  186,  240. 

If  Inter  al.  Wallach,  Annalen,  1908,  363,  9;  Pariselle,  Compt.  rend.  1921, 172, 1496. 
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the  same  manner  as  a-pinene  (p.  142).  Aschan*  has  shown  that 
/3-pinene  yields,  when  treated  with  hydrogen  chloride  at  a  low 
temperature  (compare  p.  144),  pinene  hydrochloride.  Since  this 
substance  yields  on  treatment  with  aniline  a-pinene,  this  is  a 
direct  synthesis  of  a-pinene  from  ^-pinene. 

With  hypochlorous  acid  /3-pinene  reacts  in  a  similar  manner 
to  a-pinene.  Henderson  and  Kerrf  have  prepared  by  the  action 
of  this  reagent  three  crystalline  dichlorohydrins,  which  are 
probably  dichloro-ip-menthanediols ;  they  melt  at  135°,  166°  and 
131°  respectively.  Owing  to  the  poor  yield  and  the  difficulty  of 
separating  these  isomerides,  it  has  not  proved  possible  to  deter- 
mine their  constitution,  but  the  dichlorohydrin,  m.p.  135°,  is 
possibly  represented  by  (XXI),  since  both  the  hydroxy  groups 
appear  to  be  tertiary,  and  on  treatment  with  alkali  it  yields  a 
monochlorohydrin,  m.p.  125°,  probably  (XXII),  since  it  is  not 
identical  with  pinol  monochlorohydrin. 


Considerable  attention  has  been  devoted  to  the  subject  of  the 
hydration  of  /3-pinene,  and  there  has  been  much  discussion, 
especially  amongst  the  French  workers,  as  to  whether  a-  and 
/3-pinene  behave  similarly  on  treatment  with  hydrating  agents, 
dilute  mineral  acids  and  organic  acids.  As  has  been  mentioned 
already  (p.  138),  a-pinene  yields  a  mixture  of  monocyclic  ter- 
penes,  a-terpineol,  borneol  and  fenchyl  alcohol,  and  it  has  been 
suggested  that  the  dicyclic  alcohols  are  formed  in  greater 
amount  from  /?-pinene.  The  most  recent  experiments,  which 


CH2C1 


CH2Cl 


C1H< 
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(XXII) 
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*  Naphtenverbindungen,  Terpene  und  Campherarten,  p.  195. 
t  J.C.S.  1924,  125,  103. 
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have  been  carried  out  by  Austerweil  and  his  collaborators*  using 
benzoic  acid  as  the  hydrating  agent,  have  led  to  the  conclusions 
(i)  that  in  all  cases  of  hydration  /3-pinene  is  partially  converted 
into  a-pinene,  (ii)  that  the  hydration  of  a-  and  /3-pinenes  gives 
products  which  are  qualitatively  the  same,  but  quantitatively 
different.  With  /2-pinene  the  dicyclic  alcohols,  borneol,  iso- 
borneol  and  f  enchyl  alcohol  are  the  main  products,  comparatively 
little  a-terpineol  (and  monocyclic  hydrocarbons)  being  formed. 
This  factor  is  one  of  considerable  technical  importance  in  view 
of  the  use  of  ^soborneol  for  the  preparation  of  synthetic  camphor. 

Whilst  dilute  mineral  acids  hydrate  /3-pinene,  Brooks  and 
Humphrey")"  have  shown  that,  with  concentrated  sulphuric  acid 
(85  per  cent.)  at  0°,  polymerisation  occurs  with  the  formation 
of  hydrocarbons  of  the  composition  C20H32  and  C30H48 .  In  con- 
nection with  the  hydration  of  /3-pinene  it  is  of  interest  to  note 
that  Delepine  and  AdidaJ  have  found  that  with  picric  acid 
jS-pinene  reacts  in  exactly  the  same  way  as  a-pinene,  yielding 
bornyl  and  f enchyl  picrates. 

Although  the  fact  was  not  recognised  until  much  later,  the 
first  true  derivative  of  ^-pinene  was  prepared  by  Pesci  and 
Bettelli,§  who  obtained  fi-pinene  nitrosite  (XXIII)  by  the  action 
of  nitrous  acid  on  oil  of  turpentine.  When  this  substance,  which 
was  an  oil,  was  distilled  in  steam,  a  strongly  laevorotatory  liquid, 
"nitroterebenthine,"  was  obtained.  This  reaction  was  studied 
subsequently  by  Wallach  and  Isaac, ||  who  found  that  nitropinene 
(nitroterebenthine)  (XXIV)  gave  on  reduction  with  zinc  dust 
in  acetic  acid  solution  an  amine,  aminopinene  (XXV),  b.p. 
95°/12  mm.,  d19°  0-9325,  1-4960,  which  was  laevorotatory 
and  could  be  characterised  by  the  preparation  of  the  crystalline 
trimethylammonium  iodide,  m.p.  198°.  Aminopinene  is  very 
unstable  and  yields,  with  nitrous  acid,  the  monocyclic  alcohol 
(XXVI),  which  gives  on  oxidation  with  chromic  acid  a  mixture 
of  cuminaldehyde  and  cumic  acid  (XXVII).  Although  the  con- 
stitutions of  nitropinene  and  its  derivatives  have  not  been  rigidly 

*  Bull.  Soc.  chim.  1926  [iv],  39,  690,  1732;  1927  [iv],  41,  1088,  1507;  1930  [iv], 
47,  1157;  compare  inter  al.  Wallach,  Annalen,  1908,  363,  9;  Dupont,  Chim.  et  Ind. 
1922,  8,  555;  Delepine,  Compt.  rend.  1924,  178,  2087. 

t  J.  Amer.  Chem.  Soc.  1918,  40,  844. 

%  Bull.  Soc.  chim.  1926  [iv],  39,  782. 

§  Gazzetta,  1886,  16,  337.  ||  Annalen,  1906,  346,  243. 
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proved,  there  would  appear  to  be  little  doubt  that  the  reactions 
outlined  above  proceed  in  accordance  with  the  following  scheme : 
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The  secondary  alcohol,  Z-pinocampheol,  has  been  found  by 
Rutovski  and  Vinagradova*  to  occur  in  oil  of  hyssop  (from 
Hyssopus  officinalis).  d^-Pinocampheol  (I)  was  prepared  by 
Wallach  and  Smythe|  by  the  reduction  of  d\-pinocamphone  (II) 
(p.  195)  with  sodium  in  moist  ethereal  solution,  by  the  re- 
duction of  carvopinone  (III)  J  and  by  the  catalytic  hydrogena- 
tion  of  dl-pinocarveol  (IV)  (p.  188). §  Tilden  and  Shepheard|| 
have  also  described  its  preparation  from  pinocamphylamine  (V) 
by  the  action  of  nitrous  acid.  Later,  Z-pinocampheol  was  pre- 
pared by  Gildemeister  and  KohlerU  by  the  reduction  of  Z-pino- 
camphone. 


CHOH 


CH, 


CH.NH2 


*  Trans,  sci.  chem-pharm.  Inst.  Moscow,  1924  [10],  22. 

t  Annalen,  1898,  300,  288. 

%  Wallach,  Annalen,  1906,  346,  231. 

§  Wallach  and  Ost,  Annalen,  1912,  389,  185. 

||  J.C.8.  1906,  89,  1563. 

If  Wallach  Festschrift,  1909,  p.  414. 
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The  constitution  of  pinocampheol  follows  directly  from  its 
preparation  by  the  reduction  of  pinocamphone  and  its  conversion 
into  this  ketone  on  oxidation. 

^-Pinocampheol,  b.p.  218-219°,  d20°  0-965,  1-48612,  is  an 
oil  with  an  odour  resembling  that  of  a-terpineol,  whilst  the 
laevorotatory  alcohol,  prepared  by  Gildemeister  and  Kohler,  is 
crystalline,  m.p.  67-68°,  b.p.  217-218°,  d15°  0-9678,  1-48420, 
[a]D  —  44-38°.  The  natural  alcohol  has  somewhat  different  con- 
stants, m.p.  56-57°,  d20°  0-9501,  n£°  1-4888,  [a]D  -  45-63°,  and  is 
probably  a  stereoisomeride  of  that  prepared  from  £-pinocam- 
phone.  The  configurational  relationship  of  the  optically  active 
and  inactive  alcohols  is  not  known. 

The  reactions  of  pinocampheol  have  not  been  investigated  in 
detail,  and  the  only  derivative  suitable  for  its  identification  is 
the  phenylur  ethane,  the  dl-iovm  of  which  melts  at  98°. 

The  most  interesting  derivative  of  the  alcohol  is  the  dl- 
methylxanthate  (VI),  m.p.  60-5-61°,  which  was  prepared  by 
Tschugaev,*  the  corresponding  laevorotatory  derivative,  m.p. 
36-37°,  having  been  described  by  Gildemeister  and  Kohler.  The 
methylxanthate  decomposes  when  heated  to  170-190°,  yielding  a 
mixture  of  a-pinene  (VII)  and  8-pinene  (VIII),  the  hydrocarbons 
prepared  from  the  optically  active  xanthate  being  slightly 
active. 


CH  HC 
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The  presence  of  these  two  terpenes  in  the  hydrocarbon  mixture 
obtained  by  the  decomposition  of  the  xanthate  was  proved  (i)  by 


*  J.  Buss.  Phys.  Chem.  Soc.  1907,  39,  1330. 
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the  preparation  of  pinene  nitrosochloride,  and  (ii)  by  oxidation 
with  potassium  permanganate,  when  a  mixture  of  pinonic  acid 
and  pinocamphoic  acid  was  obtained.  Although,  according  to 
Gildemeister  and  Kohler,  very  little  a-pinene  is  formed,  the 
reaction  is  of  particular  interest  since  it  afforded  the  first  partial 
synthesis  of  this  important  hydrocarbon. 


The  primary  unsaturated  alcohol,  c?-myrtenol,  C10H16O,  was 
separated  from  the  essential  oil  derived  from  the  leaves  and 
flowers  of  Myrtus  communis  L.  (myrtle  oil)  by  v.  Soden  and  Elze* 
and  its  constitution  was  determined  by  Semmler  and  Bartelt,f 
who  showed  it  to  be  a  derivative  of  ec-pinene. 

The  alcohol  was  isolated  from  the  higher  boiling  fraction  of  the 
oil  by  taking  advantage  of  the  facility  with  which  it  combined 
with  phthalic  anhydride  to  yield  a  crystalline  hydrogen  phthalate,% 
from  which  it  could  be  regenerated  by  hydrolysis  with  alkali. 
The  constitution  was  determined  by  two  distinct  methods. 

When  the  alcohol,  dissolved  in  light  petroleum,  was  treated 
with  phosphorus  pentachloride  a  chloride,  d-myrte?iyl  chloride, 
b.p.  90°/12  mm.,  d20°  1-015,  nD  1-49762,  [a]D  +  24°,  was  obtained, 
which,  on  reduction  with  sodium  and  alcohol,  gave  mainly 
eZ-a-pinene,  together  with  a  small  quantity  of  the  ethyl  ether,  b.p. 
80-85°/10  mm.,  d20°  0-899,^  1-4725.  This  result  was  most  simply 
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*  Chem.  Z.  1905,  29,  1031. 
t  Ber.  1907,  40,  1363. 

{  Compare  Rupe  and  Heritier,  Annalen,  1927,  459,  171. 
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explained  if  d-myrtenol  was  assumed  to  be  the  primary  alcohol 
(I),  when  d-myrtenyl  chloride  would  be  (II)  giving  on  reduction 
d-a-pinene  (III). 
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Confirmation  of  the  presence  of  the  primary  alcohol  group  in 
cZ-myrtenol  was  obtained  by  its  oxidation  with  chromic  acid  to 
the  aldehyde,  d-myrtenal  (IV),  which  was  subsequently  isolated 
by  Semmler  and  Zaar*  from  false  camphor  wood  oil  (see  p.  190), 
whilst  the  presence  of  the  cyclobutane  ring  was  established  by 
its  oxidation  with  potassium  permanganate  to  d-pinic  acid  (V). 
Semmler  and  Bartelt  were  unable  to  obtain  this  acid  crystalline, 
although  according  to  Wallachf  it  melts  at  96-97°. 


*  Ber.  1911,  44,  815. 

t  Annalen,  1906,  346,  224. 
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tf-Myrtenol  can  be  readily  separated  and  identified  by  the  pre- 
paration  of  the  hydrogen  phtJialate,  m.p.  114-115°,  [a]D  +  21-36° 
(in  ethyl  alcohol).  It  can  be  identified  also  by  oxidation  to 
(/-myrtenal,  from  which  a  number  of  crystalline  derivatives  can 
be  prepared  (see  p.  190). 

tf-Myrtenol  is  an  oil  having  a  pleasant  odour  reminiscent  of 
myrtle  oil.  After  purification  through  the  hydrogen  phthalate, 
it  boils  at  222-224°,  102-5°/9  mm.,  d20°  0-9763,  nD  1-49668, 
[a]D  +  45-45°.  The  alcohol  is  not  reduced  by  sodium  in  amyl 
alcohol  and  its  catalytic  hydrogenation  does  not  appear  to  have 
been  attempted.  When  heated  at  280°  under  pressure  it  resinifies. 

With  the  halogens  no  crystalline  derivatives  have  been  pre- 
pared, whilst  with  hydrogen  chloride  it  is  stated  by  Semmler  and 
Bartelt  to  give  an  oil,  b.p.  127-135°/10  mm.,  which  they  consider 
to  be  an  additive  compound,  but  the  composition  of  this  deriva- 
tive has  not  been  determined.  As  mentioned  above,  the  alcohol 
reacts  readily  with  the  phosphorus  halides,  and  by  the  action  of 
phosphorus  tribromide  in  ethereal  solution  Rupe  and  Heritier 
have  prepared  d-myrtenyl  bromide  (VI),  b.p.  93°/9  mm.,  [a]D  + 
32-31°.  This  bromide  does  not  give  a  magnesium  derivative  but, 
when  treated  with  the  metal  in  ethereal  solution,  a  Wurtz-Fittig 
reaction  occurs  with  the  formation  of  d-dimyrtenyl  (VII),  b.p. 
173-174°/10  mm.,  d20°  0-9521,  [a]™"  +  13-793°.  This  reaction  has 
been  used  by  Rupe  and  Heritier  for  the  preparation  of  homo- 
logues  of  a-pinene  by  treatment  of  myrtenyl  bromide  with  alkyl 
magnesium  halides,  when  substances  of  the  type  of  d-methyl- 
myrtenyl  (homopinene)  (VIII),  b.p.  95-5-96°/62  mm.,  d20°  0-8697, 
[«]^°°+  33-962°,  were  obtained.  Myrtenyl  bromide  condenses 
readily  with  ethyl  sodioacetoacetate  to  yield  the  corresponding 
substituted  ethyl  acetoacetates. 

When  d-myrtenol  is  boiled  with  dilute  sulphuric  acid  (10  per 
cent.)  a  hydrocarbon,  probably  ^-cymene,  is  obtained. 

A  large  number  of  esters  of  d-myrtenol  with  various  aliphatic 
and  aromatic  acids  have  been  described  by  Rupe  and  his  colla- 
borators,* who  found  them  to  exhibit  great  regularity  in  their 
physical  constants. f 

*  Annalen,  1915,  409,  344. 

t  Compare  Akermann,  ibid.  1920,  420,  23. 

r 


ch.  in  PINANE  AND  ITS  DERIVATIVES 


181 


HC 


HoC.C.CHo 


CH 
(VI) 


CH, 


/ 


CH  HC 


CH  HC 


CH2 
C 


CH 


CH9  H20 


HqC  .  C .  CHo 


CH 


HoC .  C .  CHq 


CH 


CH2 


(VII) 


CH9 .  CH, 

A 

x 


HC 


HqC  .  C  .  CHq 


H2C 


CH 


CH, 


(VIII) 

VERBENOL 

CH3 
I 

C 


HC 


H2C 


\ 


CH 


CHOH 


CH 

During  an  investigation  of  the  essential  oil  derived  from  the 
gum-resin  of  Boswellia  Carterii,  Fromm  and  Autin*  separated  an 

*  Annalen,  1913,  401,  253. 
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alcohol,  olibanol,  C10H16O,  b.p.  200-220°,  which  was  apparently 
a  derivative  of  a-pinene,  since  it  gave  on  oxidation  pinononic 
acid  (III).  A  subsequent  investigation  by  Fromm  and  Klein* 
seemed  to  indicate  that  the  fraction  of  olibanum  oil  boiling  at 
about  200°  was  a  mixture  of  alcohols  (or  ketones)  which  tended 
to  isomerise  when  distilled  at  the  ordinary  pressure.  They  de- 
scribed three  substances,  a-,  j8-  and  y-olibanols,  only  one  of  which, 
/3-olibanol,  could  be  oxidised  to  pinononic  acid.  The  exact  con- 
ditions for  separating  these  three  substances  and  their  relation- 
ship to  one  another  was  not  clearly  established.  Recently 
Blumann  and  Schulzf  have  shown  the  so-called  olibanols  to  be 
a  mixture  of  d-verbenone  (p.  197),  which  was  readily  separated 
and  characterised,  and  d-verbenol.  The  latter  was  not  obtained 
pure,  but  it  was  identified  by  dehydration  to  d-verbenene  (see 
below). 

During  their  investigation  of  the  auto-oxidation  products  of 
a-pinene  (p.  120)  Blumann  and  ZeitschelJ  observed  that  the 
higher  boiling  fraction  of  the  oil,  after  removal  of  the  verbenone, 
contained  an  alcohol  or  a  mixture  of  alcohols.  Owing  to  the 
marked  tendency  for  elimination  of  water  to  occur,  difficulty  was 
experienced  in  the  preparation  of  the  pure  alcohol,  but  ultimately 
partial  success  was  achieved  by  the  preparation  of  a  liquid 
benzoate  by  the  pyridine  method.  From  the  benzoate  on  hydro- 
lysis an  alcohol  was  obtained,  that  from  the  auto-oxidation  of 
d-a-pinene  having  b.p.  102-103°/10  mm.,  d20°  0-9702,  n™°  1-4890, 
[a]D  +  132-30°,  and  that  from  Z-a-pinene,  b.p.  102-103°/12  mm., 
d20°  0-9785,  [a]D  -  50-72°.  The  former  alcohol  crystallised  par- 
tially on  cooling  and  was  evidently  not  homogeneous.  On 
oxidation  of  the  alcohols  in  acetic  acid  solution  with  chromic 
acid  d-  and  l-verbenone  (II)  respectively  were  obtained,  and  there 
was  therefore  no  doubt  that  they  had  the  structure  represented 
by  (I),  which  was  confirmed  by  their  oxidation  to  d-  and 
l-pinononic  acid  (III). 

The  difficulty  of  preparing  the  verbenols  by  the  auto-oxidation 
of  a-pinene  was  also  remarked  upon  by  Wienhaus  and  Schumm,§ 
but  recently  Blumann  and  Schmidt  ||  have  found  that  d-verbenol 


*  Annalen,  1921,  425,  208. 
t  Ber.  1913,  46,  1194. 
||  Ibid.  1927,  453,  48. 


t  Ibid.  1930,  478,  303. 
§  Annalen,  1924,  439,  20. 
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can  be  conveniently  prepared  from  d-verbenone  by  Ponndorf 's 
method.*  When  the  ketone  is  heated  with  aluminium  isopro- 
pylate  in  ^opropyl  alcoholic  solution  an  alcohol  is  obtained, 
which,  after  purification  through  the  benzoate,  melts  at  about  8°, 
b.p.  95o/10  mm.,  d15°  0-9745,  1-4938,  [a]D  +  124°.  This  d- 
verbenol  is  not,  however,  homogeneous,  and  evidently  consists 
of  a  mixture  of  the  two  possible  stereoisomeric  forms,  since,  when 


CH, 


CrO 

CHOH— >  H2C 


KMn04 


digested  with  acetic  anhydride,  it  gives  a  mixture  of  d-verbenene 
(see  below)  and  d-verbenol.  The  alcohol  recovered  from  the 
reaction,  when  purified  through  the  orthoborate,  has  [a]D  +  54-2° 
and  does  not  crystallise  when  cooled.  There  would  appear  there- 
fore to  be  little  doubt  that  the  original  alcohol  was  a  mixture  of 
two  isomerides  which  differed  in  their  respective  rates  of  losing 
water.  This  view  receives  confirmation  from  the  fact  that,  if  the 
original  mixture  of  alcohols  is  purified  through  the  orthoborate, 
a  d-verbenol  is  obtained  which  has  [a]D  4-  66-4°  and  which 
cannot  be  obtained  crystalline. 

No  derivatives  of  verbenol  have  been  described  which  are 
suitable  for  its  characterisation. 

On  catalytic  hydrogenation  in  the  presence  of  palladium  crude 
cZ-verbenol  was  found  by  Wienhaus  and  Schumm  to  give 
d-verbanol  (IV),  b.p.  102°/20  mm.,  d20°  0-940,  n£°  1-47618,  which 
was  a  mixture  of  isomerides,  but  from  which  a  crystalline 
hydrogen  phthalate,  m.p.  127°,  could  be  prepared.  When  methyl 
verbanylxanthate,  b.p.  100-1 10°/23  mm.,  is  distilled  at  the  or- 


*  Z.  angew.  Chem.  1926,  39,  138. 
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dinary  pressure  it  yields  a  hydrocarbon,  b.p.  156-157°/758  mm.. 


d20°  0-8604,  1-46672,  [a]D  -  6-22°,  which  is  probably  1-8- 
pinene  (V),  since  it  gives  no  pinonic  acid  on  oxidation. 


CHOH 


Results  of  considerable  interest  have  been  obtained  by  the 
investigation  of  the  dehydration  products  of  d-verbenol.  With 
phosphorus  pentoxide  or  zinc  chloride  c£-verbenol  yields  p- 
cymene,  but  when  boiled  with  acetic  anhydride  a  hydro- 
carbon, l-verbenene,  C10H14,  b.p.  159-160°/758  mm.,  d20°  0-8822, 
n™°  1-49855,  [a]D  -  74-90°,  is  obtained.  Blumann  and  Zeitschel, 
who  prepared  this  hydrocarbon,*  considered  it  to  have  formula 
(VI),  which,  if  correct,  would  be  contrary  to  the  well-established 
Bredt  rule. 


CH 


C02H 


They  based  this  formula  essentially  on  the  following  grounds : 

*  Ber.  1921,  54,  887. 
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(i)  oxidation  yields  norpinic  acid  (VII)  which  proved  that  the 
hydrocarbon  must  contain  the  ci/cfobutane  ring,  (ii)  on  bromina- 
tion  only  a  dibromide  is  formed,  indicating  a  conjugated  system 
of  ethylenic  linkages,  and  (iii)  on  reduction  with  sodium  and 
alcohol  only  two  atoms  of  hydrogen  are  taken  up. 

To  the  dibromide*  d-  and  Z-forms,  m.p.  70-72°,  [a]D  +  297-65°, 
-  298-50°  (in  benzene),  dl-,  m.p.  50-52°,  the  formula  (VIII)  was 
assigned.  This  bromide  on  reduction  with  zinc  dust  in  acetic  acid 
solution  was  reconverted  into  the  parent  hydrocarbon,  whilst 
with  alkali  a  glycol,  C10H16O2  (IX),  m.p.  141°,  was  obtained.  As 
will  be  seen  from  the  sequel,  it  is  very  unlikely  that  these 
formulae  are  correct. 


Blumann  and  Zeitschel  suggest  that  the  hydrocarbon,  dihydro- 
verbenene,  C10H16,  b.p.  158-159°/762mm.,  d20°  0-8625,  n£°  1-4662, 
[a]D  +  36-52°,  obtained  on  reduction  of  verbenene  is  8-pinene 
(X),  in  which  case  it  would  be  identical  with  the  hydrocarbon 
prepared  by  Wienhaus  and  Schumm  from  verbanol  (p.  184). 
Blumann  and  Zeitschel  attempted  to  confirm  this  constitution 
by  oxidation  of  the  hydrocarbon  to  pinocamphoic  acid  (XI),  but 
in  this  they  were  unsuccessful,  nor  could  they  find  any  pinonic 
acid  amongst  the  oxidation  products.  With  hydrogen  chloride 
bornyl  chloride  was  obtained,  with  amyl  nitrite  pinene  nitroso- 
chloride,  and  with  dilute  sulphuric  acid  cis-terpin  hydrate. 

The  formation  of  pinene  nitrosochloride  and  c^s-terpin  hydrate 
shows  that  dihydroverbenene  must  contain  some  a-pinene,  and 

*  The  dibromide  is  opposite  in  sign  to  the  hydrocarbon  from  which  it  is  prepared. 
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Ruzicka  and  Trebler*  suggest  that  verbenene  is  much  more 
probably  the  /?-pinene  derivative  (XII).  This  formula,  whilst  not 
in  contradiction  to  the  Bredt  rule,  accounts  satisfactorily  for  all 
the  reactions  observed  by  Blumann  and  Zeitschel,  and  explains 


H,c 


HC 


H,C 


C02H 


COoH 


more  readily  the  formation  of  norpinic  acid  on  oxidation,  the 
formation  of  which,  from  a  substance  of  formula  (VI),  is  difficult 
to  explain.  A  hydrocarbon  of  formula  (XII)  should  give 
a-pinene  on  reduction  and  not  S-pinene.  It  may  therefore  be 
concluded  with  a  reasonable  degree  of  certainty,  that  verbenene 
has  the  formula  (XII) ;  for  the  dibromide  and  glycol  (XIII)  and 
(XIV)  are  possible  representations. 


HC  CH  HC 

\ 


H2C 


CH  H2C 


CH  HC 


CH 


CHOH 


*  Helv.  Chim.  Acta,  1924,  7,  489. 
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PINOCARVEOL 
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In  1905  Wallach*  separated  from  the  high  boiling  fraction  of  the 
essential  oil  derived  from  Eucalyptus  globulus  a  laevorotatory  m 
alcohol,  C10H16O,  identical  apparently  in  structure  with  the 
secondary  alcohol,  dl-pinocarveol  (II),  which  he  had  prepared 
many  years  previously!  by  the  action  of  nitrous  acid  on  pinyl- 
amine  (I). 

The  constitution  of  d^-pinocarveol  was  established  by  an 
investigation  of  its  oxidation  products.  When  oxidised  with 
chromic  acid  it  yields  the  corresponding  ketone,  dl-pinocarvone 
(III)  (p.  203),  showing  the  presence  of  a  secondary  alcohol  group, 
whilst  with  potassium  permanganate  it  gives  pinic  acid  (IV), 
thus  proving  that  the  ci/cZobutane  ring  is  still  present.  Pino- 
carveol  is  therefore  a  derivative  of  /?-pinene. 

For  the  separation  of  Z-pinocarveol  from  the  oil  of  E.  globulus 
Wallach  used  the  hydrogen  phthalate,  but  Schmidt  J  has  shown 
recently  that  the  alcohol  can  be  isolated  more  readily  by  the 
use  of  boric  acid  with  which  it  also  combines.  This  latter  method 
was  also  found  convenient  for  the  isolation  of  d-pinocarveol  from 
amongst  the  products  of  the  auto -oxidation  of  /3-pinene  (p.  170).§ 
The  alcohol,  obtained  by  the  hydrolysis  of  the  ester,  was  further 
purified  by  conversion  into  the  crystalline  phenylur ethane,  d-  and 
1-,  m.p.  88-89°,  dl-,  m.p.  95-96°,  from  which  it  can  be  regenerated 
by  alkali.  This  derivative  is  also  well  adapted  for  the  identifica- 
tion of  the  alcohol. 

*  Annalen,  1906,  346,  229.  t  Ibid.  1893,  277,  149. 

%  Ber.  1929,  62,  2945.  §  Schmidt,  Ber.  1930,  63,  1130. 
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^  C02H 
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COoH 


CH9 


(IV) 

Z-Pinocarveol  is  an  oil,  m.p.  7°,  b.p.  208-209°,  d20°  0-981, 


20 

nD  1-49961,  [a]D  —  61-67°;  the  cZ-form  prepared  by  the  auto- 
oxidation  of  ^8-pinene  has  [a]D  +  59°,  whilst  for  the  dl-iorm  the 
following  constants  have  been  recorded:  b.p.  215-218°,  100- 
102°/12  mm.,  d18°  0-980,  1-4988.  It  has  not  been  determined 
whether  the  optically  active  and  inactive  alcohols  have  the  same 
configuration. 

Wallach  and  Ost*  have  shown  that  d^-pinocarveol  on  catalytic 
hydrogenation  in  the  presence  of  palladium  yields  dl-pino- 
campheol  (V)  (p.  176),  which  was  identified  by  oxidation  to 
dl-pinocamphone  (VI)  (p.  192).  d-Pinocamphone  is  obtained  also, 
according  to  Treibs  and  Schmidt f,  when  Z-pinocarveol  is  distilled 
over  copper  at  280°. 


*  Annalen,  1912,  389,  185. 


f  Ber.  1927,  60,  2340. 
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As  is  mentioned  on  p.  203,  Z-pinocarveol  on  oxidation  with 
chromic  acid  gives  a  very  poor  yield  of  pinocarvone,  being 
largely  converted  into  cuminaldehyde.* 

With  bromine  in  chloroform  solution  Z-pinocarveol  reacts  in  a 
remarkable  manner  yielding  a  bimolecular  bromide,  (C10H16OBr)2 , 
which  is  stable  to  potassium  permanganate.  A  crystalline 
bimolecular  hydrate,  (C10H18O2)2,  d-  and  1-,  m.p.  176-177°,  re- 
sembling terpin  hydrate,  is  obtained  when  the  alcohol  is  shaken 
with  dilute  sulphuric  acid  (10  per  cent.).  With  more  concen- 
trated acid  or  with  potassium  bisulphate  j9-cymene,  accompanied 
by  resinous  products,  is  obtained.  When  heated  with  aluminium 
isopropylate  at  170°  cZ-pinocamphone  is  formed. j* 

Apart  from  the  phenylurethane  the  only  crystalline  derivative 
of  Z-pinocarveol  is  the  a-naphthylur  ethane,  m.p.  95°.  Unlike 
verbenol  (p.  183)  Z-pinocarveol  can  be  readily  acetylated,  the 
aceZaZebeinganoil,b.p.227-2287760mm.,^20°  0-997,  [d]D  + 15-8°. 


*  Schmidt,  Ber.  1929,  62,  2948. 


t  Schmidt,  ibid.  p.  103. 
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C.  ALDEHYDE 
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The  unsaturated  aldehyde,  d-myrtenal,  C10H14O,  was  found  by 
Semmler  and  Zaar*  to  occur  in  the  oil  known  as  false  camphor 
wood  oil,  which  is  probably  derived  from  the  wood  of  Hernandia 
peltata  Meissn.,  but  the  aldehyde  had  been  prepared  previously 
by  Semmler  and  Barteltf  by  the  oxidation  of  the  primary  alcohol, 
d-myrtenol  (see  p.  179).  d-Myrtenal  occurs  in  the  wood  oil 
associated  with  the  monocyclic  aldehyde,  perilla  aldehyde 
(Vol.  i,  p.  275),  and,  although  it  can  be  partially  separated  $rom 
this  by  fractional  distillation,  the  separation  is  most  readily 
effected  by  treating  the  mixture  with  neutral  sodium  sulphite 
solution.  Both  the  aldehydes  combine  with  this  reagent  but,  by 
the  action  of  alkali,  only  d-myrtenal  is  regenerated. 

The  constitution  of  the  aldehyde  (II)  follows  from  its  prepara- 
tion by  the  oxidation  of  c£-myrtenol  (I)  with  chromic  acid ;  the 
evidence,  on  which  the  constitution  of  the  latter  is  based,  has 
been  discussed  on  p.  179. 

d-Myrtenal  can  be  characterised  by  the  preparation  of  the 
semicarbazone,  m.p.  230°,  or  the  oxime,  m.p.  71-72°. 

For  the  aldehyde  prepared  from  the  wood  oil  Semmler  and 
Zaar  give  the  following  values:  b.p.  89-92°/ll  mm.,  d20°  0-9859, 
nD  1-50618,  [a]D  +  13-6°,  whilst  for  a  specimen  prepared  by  the 
oxidation  of  c£-myrtenol  with  chromic  acid  and  purified  through 
the  semicarbazone  Rupe  and  HeritierJ  give  the  values:  b.p. 

*  Ber.  1911,  44,  815.  t  Ibid.  1907,  40,  1366. 

t  Annalen,  1927,  459,  189. 
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91-75°/12-5mm.,  d\T  0-9898,  [a]D  +  15-682°.  The  aldehyde  shows 
the  very  considerable  molecular  exaltation  of  1-19  units.  This  is 
obviously  occasioned  by  the  conjugation  of  the  aldehyde  group 
with  the  ethylenic  linkage. 
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d-Myrtenal  oxime  (III),  m.p.  71-72°,  b.p.  125-128°/9  mm., 
d20°  1-029,  nD  1-53803,  [a]D  +  42°,  gives  on  digestion  with  acetic 
anhydride  the  nitrile  (IV),  b.p.  100-102°/10  mm.,  d20°  0-967, 
nD  1-49192,  [a]D  +  44-3°,  from  which,  by  hydrolysis,  d-myrtenic 
acid,  C10H14O2  (V),  m.p.  54°,  b.p.  148°/9  mm.,  can  be  prepared. 
This  acid,  on  reduction  with  sodium  and  alcohol,  gives  dihydro- 
myrtenic  acid,  C10H16O2  (VI),  b.p.  142-144°/8  mm.,  d20°  1-049, 
nD  1-48579. 

Attention  has  already  been  directed  (Vol.  i,  p.  276)  to  the 
biogenic  interest  attaching  to  the  association  of  myrtenal, 
perilla  aldehyde,  limonene  and  a-pinene  in  the  false  camphor 
wood  oil. 


D.  KETONES 
PINOCAMPHONE 


CH 


Z-Pinocamphone,  C10H16O,  occurs  in  oil  of  hyssop,  which  is 
obtained  from  the  herb  Hyssopus  officinalis,  being  present  in  this 
oil  to  the  extent  of  approximately  45  per  cent.  Although  the 
natural  occurrence  of  the  ketone  was  first  observed  by  Schimmel 
and  Co.,*  the  dl-iorm  had  been  prepared  many  years  previously  by 
Wallachf  by  the  reduction  of  nitrosopinene  (I)  with  zinc  dust  in 
acetic  acid  solution.  As  has  been  mentioned  (p.  153)  the  main 
product  of  the  reduction  is  the  base  pinylamine  (II),  but  a  con- 

*  SchimmeVs  Report,  1908,  April,  p.  58;  1909,  Oct.,  p.  69;  Gildemeister  and 
Kohler,  Wallach  Festschrift,  1909,  p.  414. 

t  Annalen,  1892,  268,  210;  1898,  300,  287;  1900,  313,  367;  1906,  346,  235;  1908, 
360,  92. 
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siderable  quantity  (22  per  cent.)  of  the  saturated  ketone  (III)  is 
formed  also.  The  dextrorotatory  ketone  does  not  occur  in  nature, 
but  it  has  been  prepared  from  Z-pinocarveol  (see  below). 
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The  constitution  of  t?Z-pinocamphone  was  determined  by 
Wallachj  who  showed  that,  on  oxidation  with  either  potassium 
permanganate  or  chromic  acid,  dl-pinonic  acid  (VI)  and  dl- 
pinocamphoic  acid  (VII),  m.p.  186-187°,  were  obtained.  These 
acids  result  from  the  degradation  of  the  two  enolic  forms  (IV) 
and  (V)  of  the  ketone. 

Gildemeister  and  Kohler  have  found  Z-pinocamphone  to  behave 
similarly,  yielding  a  mixture  of  l-pinonic  acid  and  l-pinocamphoic 
acid,  m.p.  189-190°. 

The  constitution  assigned  to  pinocamphone  has  been  confirmed 
by  its  partial  synthesis  from  c^-ethyl  pinonate  by  Ruzicka  and 
Trebler,*  an  outline  of  the  method  which  they  employed  has  been 
given  on  p.  114.  It  is  interesting  to  note  that,  although  theo- 
retically ^Z-pinocamphone  can  exist  in  two  stereoisomeric  forms 
represented  by  formulae  (VIII)  and  (IX),  the  ketone  prepared 
from  either  nitrosopinene  or  from  dl-ethyl  pinonate  has  the  same 
configuration.  It  is  not  known  whether  natural  Z-pinocamphone 
has  also  this  configuration. 


H2C 


Pinocamphone  can  be  most  conveniently  identified  either  by 
oxidation  to  pinonic  acid  or  by  the  preparation  of  the  semi- 
carbazone.  From  the  laevorotatory  ketone  two  semicarbazones 
can  be  prepared,  the  a-form,  m.p.  228-229°,  and  the  ^-forni, 
m.p.  182-183°;  the  e/Z-semicarbazone  melts  at  208°. 


*  Helv.  Chim.  Acta,  1921,  4,  666. 
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Pinocamphone  is  an  oil  with  an  odour  reminiscent  both  of 
camphor  and  thujone.  For  the  active  ketone  the  following 
constants  were  observed,  b.p.  212-213°/765  mm.,  d15°  0-9662, 
Tip"  1-47421,  [a]D  —  13-42°;  whilst  for  the  ketone  prepared  from 
nitrosopinene  Wallach  and  Engelbrecht*  give  b.p.  211-213°, 
87°/12  mm.,  d21°  0-959,  1-47273. 

In  addition  to  the  methods  referred  to,  pinocamphone  has  also 
been  obtained  by  the  distillation  of  pinocarveol  (p.  188)  over 
copper  in  a  current  of  hydrogen  at  280°, f  whilst  according  to 
Schmidt  J  d-pinocamphone  is  formed  when  Z-pinocarveol  is 
heated  with  aluminium  ^opropylate  at  170°.  The  dextrorotatory 
ketone  had  constants  agreeing  fairly  closely  with  those  observed 
for  the  Z-isomeride,  b.p.  207°/756  mm.,  d20°  0-9572,  [a]D  +  14-2°. 
^-Pinocamphone  was  also  prepared  by  Leach§  by  the  reduction 
of  pinene  nitrolamine  (X)  with  zinc  dust  in  alcoholic  hydrochloric 
acid  solution. 
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On  reduction  with  sodium  and  alcohol  dZ-pinocamphone  gives 
the  corresponding  secondary  alcohol,  dl-pinocampheol  (XI), || 
Z-pinocamphone  yielding  Z-pinocampheol.H 

In  acetic  acid  pinocamphone  can  be  readily  brominated  to  give 
a  dibromide,  the  dl-iorm  of  which  melts  at  118-119°**  and  the 
Z-form  at  93-94°,  [a]D  -  49-24°  (in  ether). If  The  position  of  the 
bromine  atoms  has  not  been  determined. 


*  Annalen,  1906,  346,  236. 
t  Ibid.  1929,  62,  103. 


t  Treibs  and  Schmidt,  Ber.  1927,  60,  2340. 
§  J.C.S.  1907,  91,  9. 
||  Wallach,  Annalen,  1898,  300,  288. 

I  Gildemeister  and  Kohler,  Wallach  Festschrift,  1909,  p.  414. 
**  Wallach  and  Engelbrecht,  Annalen,  1906,  346,  236. 
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d\-Pinocamphoneoxime  was  prepared  by  Wallach;*  it  is 
volatile  in  steam  and  crystallises  in  large  plates,  m.p.  86-87°. 
The  oximes  of  the  active  ketones  are  oils.  An  isomeric  oxime, 
melting  also  at  87°,  has  been  prepared  by  Wallach  and  Ost|  by 
the  catalytic  hydrogenation  of  nitrosopinene.  The  relationship 
of  these  two  oximes  to  one  another  has  not  been  determined. 
(/Z-Pinocaniphoneoxime  gives  on  reduction  with  sodium  and 
alcohol  dl-pinocamphylamine,  b.p.  198-199°,}  a  base  which 
is  formed  also  by  the  reduction  of  nitrosopinene  with  sodium 
in  amyl  alcoholic  solution§  and  by  the  catalytic  hydro- 
genation of  pinylamine.||  Pinocamphylamine  can  be  charac- 
terised by  the  preparation  of  the  phenylurethane,  m.p.  204°.  The 
preparation  of  a-  and  S-pinenes  from  the  trimethylammonium 
hydroxide  derivative  of  this  has  already  been  referred  to  on 
p.  114.  When  pinocamphoneoxime  is  treated  with  sulphuric 
acid  or  with  phosphorus  pentoxide,  it  yields  the  nitrile  of  a 
monobasic  acid,  pinocampholenic  acid,  C9H15C02H.  This  acid  is 
an  oil,  amide,  m.p.  116°,  and  its  constitution  has  not  been  deter- 
mined, but  it  is  probably  a  ci/cZopentane  derivative. 

di-Pinocamphonehydrazone,  b.p.  134-135°/22  mm.,  d20°  0-9917, 
rip"  1-51 55,  was  prepared  by  Nametkin  and  Jarzev,lf  who  con- 
verted it  by  the  Kishner  process  into  pinane. 

According  to  Hugh  and  Kon**  pinocamphone  cannot  be  con- 
densed with  the  sodium  derivatives  of  ethyl  malonate,  ethyl 
cyanoacetate  or  ethyl  acetoacetate  nor  does  it  condense  with 
ethyl  bromoacetate  in  the  presence  of  zinc.  The  action  of 
magnesium  methyl  iodide  on  the  ketone  has  been  studied  by 
Hasselstrom  and  von  Konowf|. 

*  Annalen,  1898,  300,  288. 

t  Ibid.  1912,  389,  185. 

%  Wallach,  Annalen,  1900,  313,  367. 

§  Tilden  and  Shepheard,  J.C.8.  1906,  89,  1561. 

||  Ruzicka  and  Trebler,  Helv.  Chim.  Acta,  1924,  7,  489. 

II  Ber.  1923,  56,  832. 
**  J.C.S.  1927,  p.  2600. 
ff  Annal.  Acad.  Sci.  Fennicae,  1930,  11,  3. 
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VERBENONE 


H,C 


d-Verbenone,  C10H14O,  was  found  by  Kerschbaum*  to  occur  in 
Spanish  verbena  oil  (from  Verbena  triphylla  L.)  to  the  extent  of 
about  1  per  cent.  In  this  oil  it  occurs  in  association  with  citrals 
a  and  b,  from  which  it  can  be  separated  by  removal  of  the  two 
aldehydes  by  condensation  with  cyanoacetic  acid  (Vol.  i,  p.  85). 
Owing  to  the  limited  quantity  of  material  available,  Kerschbaum 
was  unable  to  subject  the  ketone  to  a  detailed  study,  but  since 
it  gave  d-pinononic  acid  (II),  m.p.  128-129°,  on  oxidation  with 
potassium  permanganate,  he  suggested  that  it  probably  had 
formula  (I). 

CH3  CH3 
C  CO 

/ 


H< 


H2C 


KMn04 


H2C 


HqC  .  C .  CHo 


CH 
(II) 


C02H 


In  1913  Blumann  and  Zeitschel,f  during  an  investigation  of 
the  products  which  are  formed  by  the  auto-oxidation  of  d-a- 
pinene,  separated  a  ketone  which  had  properties  identical  with 

*  Ber.  1900,  33,  885.  t  Ibid.  1913,  46,  1178. 
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those  of  Kerschbaum's  e#-verbenone.  A  careful  study  of  the 
reactions  of  the  ketone,  together  with  those  of  the  corresponding 
Z-verbenone  prepared  by  the  auto-oxidation  of  Z-a-pinene,  con- 
firmed the  constitution  assigned  by  Kerschbaum. 

Oxidation  of  d-  and  Z-verbenones  gave  d-  and  Z-pinononic 
acids,*  characterised  by  the  preparation  of  the  semicarbazone, 
m.p.  204°,  whilst,  when  digested  for  some  hours  with  dilute 
sulphuric  acid,  decomposition  occurs  with  the  formation  of 
acetone  and  l-methyl-A^cjclohexen-Z-one  (III).  The  constitution 
of  the  latter,  b.p.  200-202°/760  mm.,  semicarbazone,  m.p.  198°, 
was  proved  by  its  oxidation  to  y-acetobutyric  acid  (IV).  This 
degradation  of  (Z-verbenone  evidently  proceeds  in  accordance 
with  the  following  scheme,  although  it  has  not  proved  possible 
to  isolate  any  of  the  intermediate  products. 
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The  conversion  of  ^-verbenone  into  the  monocyclic  ketone, 
together  with  its  oxidation  to  d-pinononic  acid,  leave  no  doubt 
that  it  has  been  correctly  represented  by  (I). 

*  Pinononic  acid  was  first  described  by  Wagner  and  Ertschikowski  (Ber.  1896, 
29,  881),  who  obtained  it  by  the  oxidation  of  Z-a-pinene  with  potassium  perman- 
ganate. Subsequent  experiments  have  shown  that  pure  a-pinene  does  not  give 
pinononic  acid  and  it  is  probable  that  Wagner  and  Ertschikowski's  pinene  contained 
some  verbenone  or  verbenol. 
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Verbenone  can  be  identified  by  the  preparation  of  the  semi- 
carbazone,  the  d-  and  Z-forms  of  which  crystallise  in  leaflets, 
m.p.  208-209°,  the  dZ-form  melting  at  180-181°. 

The  ketone  is  a  colourless  oil  with  an  odour  reminiscent  both 
of  camphor  and  peppermint;  it  rapidly  becomes  yellow  on 
exposure  to  the  air.  For  <i-verbenone  from  verbena  oil,  which 
had  been  regenerated  from  the  semicarbazone  by  hydrolysis 
with  phthalic  acid,  Kerschbaum  observed  the  following  con- 
stants, b.p.  103-104°/16  mm.,  dP°  0-974,  n%°  1-49951,  [a]D+  66°; 
whilst  Blumann  and  Zeitschel  found  for  the  ketone  prepared  from 
d-a-pinene,  m.p.  6-5°,  b.p.  227-228°,  100°/16  mm.,  d20°  0-9780, 
n1^  1-49928,  [a]D  +  249-62°.  The  authors  direct  attention  to  the 
remarkably  high  rotatory  power  of  the  ketone  and  it  is  not  im- 
probable that  180°  should  be  added  to  the  value  observed  by 
Kerschbaum.  I- Verbenone  has  not  been  obtained  pure,  since  the 
Z-a-pinene  used  in  its  preparation  contained  some  dZ-pinene. 

The  auto-oxidation  of  a-pinene  takes  a  considerable  time  and 
the  yield  of  the  ketone  is  poor.  It  can  best  be  isolated  by 
fractional  distillation  and  treatment  of  the  appropriate  fraction 
(b.p.  105-107°/5  mm.)  with  semicarbazide,  when  verbenone 
semicarbazone  readily  crystallises.  A  somewhat  less  satisfactory 
process  is  to  take  advantage  of  the  compound  which  it  forms  with 
sodium  sulphite  in  neutral  solution,  but  some  loss  occurs  owing 
to  the  formation  of  stable  sulphonates.  The  ketone  can  be  re- 
generated from  the  sodium  sulphite  derivative  by  the  action  of 
sodium  carbonate.  Wienhaus  and  Schumm*  have  found  that 
a-pinene  can  be  conveniently  and  rapidly  oxidised  by  oxygen  in 
the  presence  of  colloidal  osmium  f  or  cobalt  resinate,  and  the  ver- 
benones  are  therefore  comparatively  readily  accessible. 

By  the  catalytic  hydrogenation  of  d- verbenone  Wienhaus  and 
Schumm  prepared  the  saturated  ketone,  d-verbanone  (V),  which 
had  been  obtained  previously  by  Blumann  and  Zeitschel  by  the 
oxidation  of  d-dihydroverbanol  (see  below).  This  ketone,  which  is 
isomeric  with  pinocamphone  (p.  192),  has  b.p.  222°/760  mm., 
d20°  0-961,  n™°  1-47518,  [a]D  +  52-55,  and  can  be  characterised 
by  the  preparation  of  the  semicarbazone,  m.p.  230°,  and  the 

*  Annalen,  1924,  439,  20. 

f  Cf.  Willstatter  and  Sonnenfeld,  Ber.  1913,  46,  2953;  1914,  47,  2814. 
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oxime,  m.p.  88°.  Verbanone  shows  a  number  of  interesting 
reactions  and  reference  to  some  of  these  may  be  made  here. 

The  hydrazone  (VI),  m.p.  27°,  b.p.  146°/22  mm.,  gives  when 
heated  with  sodium  ethylate  at  140-160°  pinane  (VII). 

On  hydration  with  dilute  sulphuric  acid  or  hydrochloric  acid 
verbanone  undergoes  ring  fission  and  yields  IS}-o-menthen-Z-one 
(VIII),  an  analogous  reaction  occurring  on  reduction  by 
Clemmensen's  method,  when  o-menthan-3-one  (IX)  is  obtained. 
This  fission  of  the  c?/dobutane  ring  in  the  pinane  series  to  yield 
derivatives  of  o-menthane  is  apparently  unique.  Ring  fission 
occurs  also  when  verbanone  is  condensed  with  benzaldehyde  in 
the  presence  of  hydrogen  chloride,  a  dibenzylidene  derivative, 
m.p.  143°,  being  obtained,  to  which  Wallach*  assigns  formula  (X) . 

With  ^soamyl  nitrite  in  the  presence  of  sodamide  verbanone 
reacts  to  yield  an  o^'mmo-derivative  (XI),  m.p.  140°,  which  gives 
with  acetic  anhydride  the  imide  of  pinocamphoic  acid  (XII). 

By  the  reduction  of  verbenone  with  sodium  in  moist  ethereal 
solution  Blumann  and  Zeitschelf  prepared  the  saturated  se- 
condary alcohol  d-dihydroverbenol  or  verbanol,  which  is  isomeric 
with  pinocampheol.  This  alcohol  is  a  solid,  m.p.  58°,  b.p.  218°, 
[a]D  +  1-30°  (in  10  per  cent,  alcoholic  solution).  It  can  be 
obtained  also  by  the  reduction  of  verbenone  with  sodium  in 
alcoholic  solution,  when  it  is  accompanied  by  a  pinacone,  m.p. 
211-212°.    On  oxidation  with  chromic  acid     verbanol  gives 

verbanone. 

On  ozonolysis  verbenone  gives  pinononic  acid,  whilst  with 
hydrogen  peroxide  in  alkaline  solution  an  oxide  (XIII),  m.p.  65°, 
b.p.  120-127°/24  mm.,  eZj?°  1-0561,  n™°  1-48312,  [a]D  +  101-9°, 
semicarbazone,  m.p.  220°,  is  obtained.  This  latter  reaction  is 
general  in  the  case  of  cyclic  ketones  containing  an  ethylenic 
linkage  in  the  a  :  ^-position. 

Kerschbaum  observed  that  c?-verbenone  did  not  react  with 
bromine  in  chloroform  solution  and  it  is  similarly  resistant  to 
hydrogen  chloride  in  carbon  disulphide  or  ethereal  solution.  In 
acetic  acid,  however,  addition  of  hydrogen  chloride  does  occur 
accompanied  by  ring  fission,  but  the  halogenated  c?/cfohexanone 
derivative  has  not  been  obtained  pure. 

By  the  catalytic  hydrogenation  of  d-verbenoneoxime  (XIV), 

*  Annalen,  1924,  437,  188.  t  Ber.  1913,  46,  1192. 
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m. p.  119-120°,  in  the  presence  of  palladium  d-verbanylamine 
(XV),  b.p.  211o/750  mm.,  d2f  0-9184,  1-48125,  is  obtained. 
When  d-verbenone  is  treated  with  an  excess  of  hydroxylamine 
it  gives  a  Jnjdroxylamino-oxime  (XVI),  decomposing  at  165°. 
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The  unsaturated  ketone,  pinocarvone,  C10H16O,  unlike  the  related 
alcohol,  pinocarveol,  has  not  been  found  to  occur  in  nature.  The 
externally  compensated  ketone  (II)  was  prepared  by  Wallach* 
by  the  oxidation  of  dZ-pinocarveol  (I).  The  laevorotatory  form 
can  be  obtained  by  the  oxidation  of  ^-pinocarveol  but,  according 
to  Schmidt,  f  the  yield  of  the  ketone  is  very  poor,  ring  fission 
with  the  formation  of  cuminaldehyde  occurring  simultaneously. 
It  is  possible  that  the  configurational  arrangement  of  the 
hydroxy  group  in  the  laevorotatory  alcohol  is  the  cause  of  this 
difference  in  yield.  Recently  Schmidt  J  has  found  that  cZ-pino- 
carvone  is  formed  by  the  auto-oxidation  of  /3-pinene. 
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*  Annalen,  1893,  277,  150;  1894,  279,  387;  1906,  346,  222. 
t  Ber.  1929,  62,  2945. 
%  Ibid.  1930,  63,  1130. 
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The  constitution  of  pinocarvone  was  established  by  Wallach*, 
who  showed  that  on  oxidation  with  potassium  permanganate 
pinic  acid  (III)  was  obtained. 

Pinocarvone  can  probably  be  most  simply  identified  by  the 
preparation  of  the  oxime,  d-  and  1-,  m.p.  68-69°,  dl-,  m.p.  98°. f 

The  ketone  is  an  oil  having  a  peculiar  odour  and  resinifying 
rapidly  on  exposure  to  the  air.  It  is  coloured  red  by  acids. 
According  to  Auwers  and  EisenlohrJ  it  has  the  following  con- 
stants and,  as  is  to  be  anticipated  from  its  constitution,  it  shows 
marked  molecular  exaltation  (+  1-5),  b.p.  222-224°,  95°/12  mm., 
6?19°  0-989,  n™°  1-5067.  For  the  d-  and  Z-forms  Schmidt§  gives 
the  following  constants,  b.p.  222-223°/760  mm.,  d20°  0-9881, 
n™°  1-50373,  [a]D  +  13°,  -  15°. 

Pinocarvone  resembles  carvone  (Vol.  i,  p.  359)  in  giving  a 
compound  with  hydrogen  sulphide  in  ammoniacal  alcoholic 
solution,  but  the  derivative  is  amorphous  ;||  it  combines  also  to 
form  an  unstable  crystalline  compound  with  sodium  hydrogen 
sulphite.  H 


C:NOH 


H3C .  C .  CHa 
H2C  CH2 
\ 


H2C 


Of  particular  interest  is  the  observation  of  Ruzicka  and 
Trebler,**  to  which  reference  has  already  been  made  (p.  155),  that 
nitrosopinene  and  pinocarvoxime  are  stereo-  and  not  structural 
isomerides,  as  had  been  assumed  previously.  The  regeneration 
of  pinocarvone  from  the  oxime,  m.p.  98°,  does  not  appear  to 

*  AnnaUn,  1906,  346,  224. 

f  Wallach,  Annalen,  1893,  277,  150;  1906,  346,  223;  Schmidt,  Ber.  1930,  63,  1131. 
t  J.  pr.  Chem.  1910  [ii],  82,  138.  §  Ber.  1930,  63,  1131. 

||  Wallach,  Annalen,  1894,  279,  388.  H  Wallach,  ibid.  1893,  277,  150. 

**  Helv.  Chim.  Acta,  1921,  4,  568. 
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have  been  attempted,  whilst,  as  has  been  remarked  (p.  157), 
nitrosopinene  (IV)  gives  with  oxalic  acid  carvopinone  (V),  which 
is  an  oil,  b.p.  95-96°/12  mm  * 

From  Z-pinocarvone  Wallach  and  Engelbrecht|  prepared  an 
oxime,  b.p.  140°/20  mm.,  which  only  partially  crystallised.  In 
view  of  the  observation  of  Schmidt,  that  cuminaldehyde  is 
formed  by  the  oxidation  of  Z-pinocarveol,  it  is  possible  that  the 
oxime  was  impure. 

p  The  semicarbazone  of  dZ-pinocarvone  melts  at  204°,  %  whilst 
from  Z-pinocarvone  two  semicarbazones,  m.p.  209°  and  320° 
respectively,  have  been  prepared. §  For  the  semicarbazones  of 
the  optically  active  ketones  Schmidt ||  found  the  melting-point, 
212-215°. 

*  Wallach  and  Engelbrecht,  Annalen,  1906,  346,  232. 
t  Annalen,  1906,  346,  231. 

%  Wallach  and  Smythe,  Annalen,  1898,  300,  286. 
§  Wallach  and  Engelbrecht,  loc.  cit.  p.  230. 
||  Ber.  1930,  63,  1131. 
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In  1900  Miiller*  made  the  interesting  observation  that  East 
Indian  sandalwood  oil,  which  is  obtained  from  the  wood  of 
Santalum  album  L.,  contained  a  hydrocarbon,  C9H14,  to  which 
the  name  santene  was  given.  Later  Aschanf  showed  that  san- 
tene  occurred  also  in  Siberian,  German  and  Swedish  pine  needle 
oils. 

For  our  knowledge  of  the  constitution  of  santene  we  are  in- 
debted mainly  to  the  investigations  of  Semmler  and  Bartelt.J 
A  consideration  of  the  physical  constants  of  the  hydrocarbon  led 
these  authors  to  conclude  that  it  was  probably  dicyclic  and  con- 
tained one  ethylenic  linkage.  This  was  proved  to  be  correct  by 
its  oxidation  with  ozone  in  benzene  solution§  to  a  diketone, 
C9H1402,  b.p.  124r-127°/9  mm.,  d20°  1-024,  n™°  1-46658,  disemi- 
carbazone,  m.p.  216°.  This  diketone  must  be  1  :  3-diacetyl-cy  do - 
pentane  (II),  since,  on  oxidation  with  an  excess  of  sodium  hypo- 
bromite,  it  gives  trans-cyclopewfome-l  :  3-dicarboxylic  acid  (IV), 
m.p.  87-88-5°,  an  acid  which  was  prepared  synthetically  by 
Pospischill.||  These  reactions  show  conclusively  that  santene 
must  be  represented  by  formula  (I). 

If  an  excess  of  sodium  hypobromite  is  not  used  in  the  oxida- 
tion of  the  diketone,  tr&ns-S-acetyl-cyclopentane  carboxylic  acid 
(III),  semicarbazone,  m.p.  168°,  is  obtained.  It  is  of  interest  to 
record  that,  when  1  :  3-diacetyl-c?/cfopentane  is  reduced  with 
sodium  and  alcohol,  it  yields  the  dicyclic  alcohol,  C9H160  (V), 


*  Arch.  Pharm.  1900,  238,  366.  f  Ber.  1907,  40,  4920. 

J  Ibid.  4595;  1908,  41,  128,  389,  867. 

§  Compare  Ruzicka  and  Liebl,  Helv.  Chim.  Acta,  1923,  6,  271. 
||  Ber.  1898,  31,  565. 
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b.p.  100o/10  mm.,  d15°  1-1012,  n^°  1-50045,  which  gives  on  oxida- 
tion with  chromic  acid  the  corresponding  ketone,  C9H140  (VI), 
b.p.  91-94°/9  mm.,  d20°  1-002,  nD  1-48950,  semicarbazone,  m.p. 
214°.  If,  however,  the  diketone  is  warmed  with  sodium  ethylate 
or  with  ammonia  under  pressure  an  unsaturated  ketone,  C9H140 


(VII),  b.p.  104-105710  mm.,  d20°  1-029,  n™*  1-15139,  is  formed, 
the  constitution  of  which  is  proved  by  its  oxidation  with 
potassium  permanganate  to  cis-3-acetyl-cyclopentane  carboxylic 
acid  (III),  and  by  its  reduction  with  sodium  and  alcohol  to  the 
dicyclic  alcohol  (V). 
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The  constitution  assigned  to  santene  has  been  confirmed  by 
its  oxidation  with  potassium  permanganate  in  acetone  solution 
to  santene  glycol  (VIII),  m.p.  193°,  b.p.  135710  mm.,  some  1  :  3- 
diacetyl-cjclopentane  being  also  obtained.  This  alcohol  was  found 
to  be  remarkably  stable  to  dehydrating  agents,  but,  when  boiled 
with  dilute  sulphuric  acid,  it  gave  a  saturated  ketone,  C9H140, 
b.p.  76-807l0mm.,  d20°  0-988,  1-4798,  the  constitution  of 
which  does  not  appear  to  have  been  determined.  Palmen*  has 
found,  however,  that,  when  the  glycol  is  heated  with  concen- 
trated sulphuric  acid,  a  small  percentage  of  camphenilone  is 
formed. 

Santene  has  been  prepared  synthetically  by  methods  in- 
volving Wagner  rearrangements  and  they  are  of  considerable 
interest,  since  they  indicate  the  difficulties  which  are  encountered 


*  Brit.  Chem.  Abst.  1929,  p.  192. 
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in  investigations  in  this  field.  In  1912  Hintikka  and  Komppa* 
showed  that,  when  camphenilone  (IX)  (p.  301)  was  reduced  to 
the  corresponding  alcohol  camphenilol  (X)  (p.  303),  the  chloride, 
camphenilyl  chloride  (XI),  resulting  from  this  on  treatment  with 
phosphorus  pentachloride,  gave  on  removal  of  hydrogen  chloride 
a  hydrocarbon,  to  which  the  name  camphenilene  was  given.  This 
was  considered  by  Hintikka  and  Komppa  to  have  the  formula 

(XII)  and  by  hydration  they  prepared  an  alcohol,  isocamphenilol 

(XIII)  ,  which  gave  on  oxidation  a  ketone,  isocamphenilone  (XIV). 


(XIV) 


(XIII) 


(XII) 


It  was  pointed  out  by  Meerweinf  that  this  structure  for  cam- 
phenilene contravened  the  well-known  Bredt  rule,  and  he  sug- 
gested that  in  all  probability  camphenilene  was  identical  with 
santene.  A  reinvestigation  by  Hintikka  and  Komppa  J  has 
shown  this  suggestion  of  Meerwein's  to  be  correct.  Cam- 
phenilene, which  is  not  quite  homogeneous,  consists  essentially 
of  santene,  and  its  formation  from  camphenilyl  chloride  or  more 
directly  by  the  dehydration  of  camphenilol,  involves  a  Wagner 
rearrangement. 

It  is  not  improbable  that  the  santene  is  contaminated  with 
some  camphenilene,  since  on  ozonolysis  a  ketonic  aldehyde  is 
obtained  in  small  quantity,  which  may  be  (XV)  although  its 
constitution  has  not  been  proved.  ^oCamphenilol  and  isocarn- 
phenilone  are  identical  with  santenol  and  santenone  respectively. 

*  Annalen,  1912,  387,  292;  compare  Jagelki,  Ber.  1899,  32,  1503. 

t  Ibid.  1914,  405,  134. 

J  Bull.  Soc.  chim.  1917  [iv],  21,  14. 
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Ruzicka  and  Liebl*  have  shown  that  santene  can  be  prepared 
also  from  fenchyl  alcohol  (XVI)  (p.  452).  On  dehydration  fenchyl 
alcohol  yields  two  hydrocarbons  a-  (or  D-1-)  and  /3-  (or  D-d-) 
fenchenes\  (XVII)  and  (XVIII),  which  on  ozonolysis  yield  a- 
and  p-fenchocamphorones  (XIX)  and  (XX).  By  the  dehydration 
of  a-  and  p-fenchocamphorols  (XXI)  and  (XXII),  which  can  be 
prepared  by  reduction  of  the  ketones,  santene  was  obtained,  the 
reaction  in  each  case  involving  a  Wagner  rearrangement.  These 
reactions  are  shown  in  the  scheme  set  out  on  p.  210  in  which,  for 
comparison,  camphenilol  (X)  and  santelol  (XXIII)  are  included. 

In  addition  to  the  methods  referred  to,  santene  has  also 
been  obtained  by  the  dehydration  of  santene  hydrate  (XXIV)  J 
and  by  the  removal  of  hydrogen  chloride  from  santene  hydro- 
chloride (XXV). 

Of  interest  also  is  its  formation,  first  observed  by  Miiller,  §  by 
the  digestion  of  teresantalic  acid,  C10H14O2  (XXVI),  with  sul- 
phuric acid. 

Santene  can  be  readily  characterised  by  the  preparation  of 
the  nitrosochloride,  m.p.  109-1 10°||  or  the  nitrosite,  m.p.  123- 
126°.1f 

Santene  is  an  oil  possessing  a  somewhat  unpleasant  odour.  It 
is  difficult  to  obtain  pure  and  it  resinifies  somewhat  readily.  The 
following  constants  have  been  quoted  by  Aschan  and  by 
Semmler:  b.p.   140-141°/770  mm.,   31-33°/9  mm.,  d20°  0-863, 

*  Helv.  Chim.  Acta,  1923,  6,  271. 

t  For  the  nomenclature  of  the  fenchenes  see  p.  441. 

j  Aschan,  Of  vers.  Finska  Vet.-Soc.  1910,  53  (A),  No.  8. 

§  Arch.  Pharm.  1900,  238,  380;  compare  Semmler,  Ber.  1910,  43,  1898. 

||  Aschan,  Ber.  1907,  40,  4921. 

t  Deussen,  J.  pr.  Chem.  1926,  [ii],  114,  111. 
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nD  1-46658.  According  to  Deussen,  it  can  be  readily  hydro- 
genated  in  the  presence  of  a  palladium  catalyst  to  yield  santane 
(XXIX),  b.p.  150-152°,  d18  5°  0-8712,  ^8'6°l-4636. 

A  direct  synthesis  of  santene  has  been  carried  out  by  Diels 
and  Alder*  who  have  prepared  the  hydrocarbon  by  the  dehy- 
dration of  y-santenol  (XXVIII),  which  is  obtained  by  the 

*  Annalen,  1931,  486,  205. 
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action  of  magnesium  methyl  iodide  on  6-methylnorcamphor 
(XXVII). 
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The  oxidation  of  santene  with  ozone  and  potassium  perman- 
ganate has  already  been  referred  to.  With  potassium  dichromate- 
sulphuric  acid  mixture  it  gives  santenone  (XXX),*  a  reaction 
which  involves  a  Wagner  rearrangement.  Deussen  has  made  a 
preliminary  investigation  of  the  products  formed  by  the  oxida- 
tion of  the  hydrocarbon  with  mercuric  acetate.  The  main  product 
of  the  reaction  is  the  additive  compound,  C9H14OH .  Hg02C .  CH3 , 
m.p.  126-127°,  which,  when  treated  with  potassium  iodide  in 
alcoholic  solution,  yields  the  corresponding  iodide,  C9H14OH, 
Hgl,  m.p.  130-131°.  Other  products  of  the  oxidation  are  santene 
glycol  (VIII)  (p.  207)  and  a  substance  of  the  composition  C9H140, 
which  is  probably  identical  with  the  ketone  prepared  by  Semmler 
(p.  207)  by  digestion  of  santene  glycol  with  dilute  sulphuric  acid. 
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On  treatment  with  bromine  santene  yields  a  tribromide,  which 
according  to  Miillerf  melts  at  62-63°,  whilst  Aschan  J  found  it  to 
melt  at  77-80°.  This  divergence  is  possibly  due  to  the  formation 
of  stereoisomerides,  since  the  bromide  is  readily  crystallised. 
With  hydrogen  chloride  in  ethereal  solution  santene  yields  a 
crystalline  hydrochloride,  which  melts  at  about  80°. §  As  men- 
tioned above,  the  hydrochloride  can  be  reconverted  into  santene 
by  digestion  with  aniline,  whilst  with  milk  of  lime  at  70-80°  it 
yields  santene  hydrate  (p.  216). 

*  Aschan,  Ofvers.  Finsha  Vet.-Soc.  1910,  53  (A),  No.  8. 

f  Arch.  Pharm.  1900,  238,  370. 

t  Ber.  1907,  40,  4921. 

§  Muller,  Arch.  Pharm.  1900,  238,  371;  Aschan,  Ber.  1907,  40,  2922. 
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Santene  is  not  affected  by  digestion  with  alkali,  but  it  can 
be  hydrated  readily  by  the  Bertram-Walbaum  method  yielding 
santenol*  or  by  treatment  with  formic  acid.f  The  hydration  can 
also  be  effected  very  conveniently  by  sulphuric  acid  in  ethereal 
solution.  J 

a- Santene  nitrosochloride  crystallises  in  blue  needles,  m.p.  109- 
110°,§  which  on  exposure  to  the  air  pass  into  a  colourless 
/3-modification.  This  is  possibly  bimolecular  since,  when  heated, 
it  passes  over  at  90°  into  the  blue  a-form. 

Santene  nitrosite,  first  prepared  by  Muller,||  crystallises  in 
blue  prisms,  m.p.  123-126°.  Its  reactions  have  been  studied 
by  Deussen  If  who  has  found  that,  when  it  is  heated  with  an 
alcoholic  potassium  hydroxide  solution,  it  passes  into  a  colourless 
form,  m.p.  105°,  which  like  the  blue  form  is  monomolecular. 
Both  forms  of  the  nitrosite  yield  a  hydrochloride,  m.p.  98°,  and 
can  be  hydrogenated  using  a  palladium  catalyst  to  give  a  colour- 
less substance,  m.p.  87-88°,  having  the  composition  C9H1603N2, 
the  constitution  of  which  has  not  been  determined.  Deussen  has 
described  also  the  isolation  of  a  green  nitrosite,  but  its  relation- 
ship to  the  blue  nitrosite  is  not  known ;  with  alkali  it  passes  into 
the  colourless  form,  m.p.  105°. 


In  1910  Schimmel  and  Co.**  isolated  from  East  Indian  sandal- 
wood oil  (from  Santalum  album)  an  alcohol,  C9H160,  m.p.  58-62°, 

*  Aschan,  Ofvers.  Finslca  Vet.-Soc.  1910,  53  (A),  No  8. 
f  Semmler  and  Bartelt,  Ber.  1908,  41,  128. 
%  Deussen,      pr.  Chem.  1926  [ii],  114,  111. 

§  Miiller,  Arch.  Pharm.  1900,  238,  369;  Aschan,  Ber.  1907,  40,  4921. 
||  Loc.  ext.  p.  370.  If  J.  pr.  Chem.  1926  [ii],  114,  111. 

**  SchimmeVs  Report,  1910,  Oct.,  p.  120.- 

tt  The  nomenclature  of  the  stereoisomeric  alcohols,  the  santenols,  having  the  con- 
stitution given  at  the  head  of  this  section,  is  somewhat  confused.  For  the  natural 
alcohol,  m  p.  58-62°,  Schimmel  and  Co.  have  used  the  name  santenone  alcohol. 
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which  they  called  santenone  alcohol.  This  alcohol  must  have  the 
structural  formula  (I),  since  on  oxidation  with  chromic  acid  it 
yields  santenone  (II),  the  constitution  of  which  has  been  de- 
finitely established  (p.  217). 


CHOH 


CH, 


>C  C- 


CrO, 


H2C 


H3C.i.H 
 CH  


CO 


CH, 


(II) 


Some  years  previously  Semmler  and  Bartelt*  had  found  that 
when  teresantalic  acid  (IV)  was  digested  with  formic  acid,  a 
formate  was  obtained  which  gave  on  hydrolysis  an  alcohol, 
7T-norborneol,  C9H160,  m.p.  68-70°.  This  alcohol  gave  on  oxida- 
tion santenone  (II).  They  further  found  that,  when  santenone 
was  reduced  with  sodium  in  ethereal  solution,  a  stereoisomeric 
alcohol,  7T-nori$oborneol,  m.p.  91-92°,  was  obtained,  which  also 
gave  santenone  on  oxidation.  It  was  suggested  by  Semmler  and 
Bartelt  that  these  two  alcohols  were  related  to  one  another  in 
the  same  manner  as  borneol  and  ^oborneol  (p.  291).  In  the  same 
year  Aschanf  prepared  7r-?iomoborneol,  m.p.  97-98°,  by  the 
hydration  of  santene  (III)  by  the  Bertram-Walbaum  method. 
This  latter  reaction  involves  a  Wagner  rearrangement,  J  whilst 
in  the  preparation  from  teresantalic  acid  (IV)  this  rearrange- 
ment, accompanied  by  fission  of  a  c?/cfopropane  ring,  occurs 
also.  The  alcohol  prepared  by  Aschan's  method  was  probably 
a  mixture,  since,  prior  to  crystallisation,  it  melted  at  80-81°. 

A  mixture  of  77-worborneol  and  7T-norisobomeol  can  be  obtained 


Semmler  and  Bartelt  called  the  two  alcohols,  m.p.  68-70°  and  91-92°,  prepared  from 
santene,  TT-novborneol  and  7T-norisobor?ieol  respectively,  whilst  Aschan  for  an  alcohol, 
m.p.  97-98°,  probably  identical  with  Semmler  and  Bartelt's  7r-womoborneol,  intro- 
duced the  name  a-santenol,  calling  santene  hydrate  (p.  216)  fi-santenol.  This  latter 
designation  is  unfortunate,  since  j8-santenol  is  a  structural  and  not  a  stereoisomeride 
of  a-santenol.  Semmler  and  Bartelt's  nomenclature  is  retained  for  the  synthetic 
alcohols,  since  it  has  historic  priority,  whilst  the  natural  alcohol  is  designated 
santenone  alcohol,  as  it  is  doubtful  if  it  is  homogeneous.  In  discussing  their  common 
reactions  the  term  santenol  will  be  used. 

*  Ber.  1907,  40,  4467. 

t  Ibid.  4923. 

%  Compare  Ruzicka  and  Liebl,  Helv.  Chim.  Acta,  1923,  6,  271. 
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also  by  the  hydration  of  santene  with  formic  acid*  or  with  a 
mixture  of  ether  and  sulphuric  acid.f 

The  santenols  can  be  identified  by  oxidation  to  santenone, 
which  is  readily  characterised  (see  p.  218). 


CHOH 


The  optically  active  santenols  do  not  appear  to  have  been 
described,  the  activity  which  has  been  observed  in  specimens 
prepared  from  santene  being  due  to  the  presence  of  impurities. 

From  the  melting-points  of  the  alcohol  which  have  been  given 
already,  it  will  have  been  observed  that  these  show  considerable 
variations.  This  is  probably  due  in  part  to  the  difficulties  en- 
countered in  its  purification,  but  also  to  the  occurrence  of 
stereoisomerides.  Recently  KomppaJ  has  purified  the  santenol, 
obtained  by  the  hydration  of  santene  by  the  Bertram-Walbaum 

*  Semmler  and  Bartelt,  Ber.  1908,  41,  128. 

f  Aschan,  Medd.  K.  Vetenskaps-akad.  Nobel-Inst.  1919,  5,  No.  8;  Deussen, 
J.  pr.  Chem.  1926  [ii],  114,  111. 
t  Ber.  1929,  62,  1751. 
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method,  through  the  crystalline  santenyl  hydrogen  diphenate, 
m.p.  119-120°.  The  alcohol  obtained  by  the  hydrolysis  of  this 
derivative  melts  sharply  at  86°.  Whilst  there  can  be  no  doubt  as 
to  the  absolute  purity  and  homogeneity  of  this  santenol,  its  pre- 
paration does  not  show  that  worborneol,  m.p.  68-70°,  and  noriso- 
borneol,  m.p.  97-98°,  do  not  exist.  They  are  probably  stereoiso- 
meric  with  Komppa's  alcohol  and  support  is  lent  to  this  view 
by  the  fact  that,  whereas  Aschan's  alcohol,  m.p.  97-98°,  gave  a 
phenylur  ethane,  m.p.  61-62°,  that  prepared  by  Schimmel  and  Co. 
from  an  alcohol  melting  at  approximately  the  same  temperature, 
84-86°,  as  that  of  Komppa,  gave  a  phenylur  ethane,  m.p.  83°. 
Further  work  is  obviously  required  to  elucidate  the  relationship 
of  these  alcohols  to  one  another  and  also  to  the  natural  alcohol. 

The  santenols  have  a  smell  resembling  that  of  borneol  and 
camphor.  Santenol  is  readily  oxidised  with  potassium  per- 
manganate in  alkaline  solution*  to  give  santenic  acid  (V),  m.p. 
170-171°,  which  yields  an  anhydride,  m.p.  115-116°. 


This  acid  is  accompanied  by  an  isomeric  acid,  isosantenic  acid, 
m.p.  121-123°,  which  does  not  yield  an  anhydride  and  is  probably 
the  £rcm«s-modification  of  santenic  acid. 

With  phosphorus  pentachloride  in  light  petroleum  solution, 
77-worborneol  was  found  by  Semmler  and  Barteltf  to  give  a 
chloride,  m.p.  59-61°,  b.p.  72-73°/10  mm.,  from  which,  by  the 
action  of  alkali,  santene  could  be  obtained.  This  reaction  involves 
a  Wagner  rearrangement  in  the  reverse  direction  to  that  occur- 
ring in  the  formation  of  77-worborneol  from  santene. 

A  number  of  esters  of  santenol  have  been  described,  but  these 
are  undoubtedly  mixtures  of  stereoisomerides,  so  that  it  is 
unnecessary  to  refer  to  their  properties  in  detail.  They  resemble 
in  odour  the  corresponding  derivatives  of  borneol. 

*  Aschan,  Ofvers.  Finska  Vet.-Soc.  1910-1911,  53  (A),  No.  8,  p.  18;  Komppa  and 
Hintikka,  Bull.  Soc.  chim.  1917  [iv],  21,  17. 
t  Ber.  1908;  41,  128. 
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Santene  hydrate,  C9H160,  for  which  Aschan*  has  suggested  the 
name  /3-santenol,  does  not  occur  in  nature.  It  was  prepared  by 
Aschan|  by  the  action  of  milk  of  lime  at  70-80°  on  santene 
hydrochloride  (I)  (p.  211).  A  stereoisomeric  alcohol,  y-santenol, 
m.p.  63-65°,  has  been  prepared  byDiels  and  Alderf  by  the  action 
of  magnesium  methyl  iodide  on  6-methylworcamphor  (III). 
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The  constitution  of  santene  hydrate  (II)  (and  of  its  stereo- 
isomerides)  is  established  by  its  method  of  preparation  and  by 
the  fact  that  on  dehydration  with  either  acetic  acid  or  oxalic  acid 
it  yields  santene  (IV).  Santene  hydrate  crystallises  from  alcohol 
in  needles,  m.p.  101-102°,  b.p.  192°,  and  has  an  odour  reminis- 
cent of  nonyl  alcohol.  The  alcohol  prepared  by  Aschan  showed 
.slight  optical  activity,  but  this  was  probably  due  to  a  trace 
of  impurity,  since  the  santene  employed  for  its  preparation 
was  itself  slightly  active. 

Santene  hydrate  is  very  resistant  to  oxidising  agents  and  is  not 
attacked  by  potassium  permanganate.  With  chromic  acid  partial 
dehydration  to  santene  occurs  but  the  products  formed  are 
mainly  resinous. 

*  Medd.  K.  Vetenskaps-akad.  Nobel-Inst.  1919,  5,  No.  8,  p.  27. 
f  Ofvers.  Finska  Vet.-Soc.  1910,  53,  No.  8,  p.  9. 
%  Annalen,  1931,  486,  205. 
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Z-Santenone  has  been  shown  by  Schimmel  and  Co.*  to  occur  in 
East  Indian  sandalwood  oil.  An  optically  inactive  form  of  this 
ketone  had  been  prepared  some  years  previously  by  Semmler 
and  Bartelt,f  who  called  it  7T-norcamphor ,  by  the  oxidation  with 
chromic  acid  of  the  alcohol,  7T-norborneol  (p.  213).  Subsequently 
AschanJ  found  that  it  could  be  obtained  more  conveniently  by 
the  oxidation  of  santene  with  potassium  dichromate-sulphuric 
acid  mixture.  These  reactions  have  already  been  formulated  on 
pp.  211,  213  and  need  not  be  repeated  here. 

The  constitution  of  santenone  (I)  has  been  established  by  its 
oxidation  with  potassium  permanganate  to  santenic  acid  (II), 
whilst  the  presence  in  it  of  aCH2 :  group  adjacent  to  the  carbonyl 
group  has  been  confirmed  by  the  preparation  of  hydroxy  methylene 
and  benzylidene  derivatives  (see  below). 

CH3  CH$ 
•dj.C09H 


CH3 
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■c— 


CO 


H9 


H2C- 


H3C.i.H 

KMn04 

C  1      CH      CH2  H2C 

H,C.C.H 

J*. 


H2C- 


C09H 


.A— 

H,C.C.H 


CH, 


(I) 


(II) 


H2C  CH  CO 

(III) 


It  must  be  pointed  out  that  these  results  would  be  equally 
readily  explained  if  santenone  were  represented  by  formula  (III), 
which  bears  the  same  relationship  to  epicamphor  as  santenone 
does  to  camphor.  The  assignment,  however,  of  this  formula  to 
the  ketone  would  make  it  extremely  difficult  to  account  for  its 
formation  by  the  oxidation  of  santene  and  for  the  hydration  of 
the  hydrocarbon  to  santenol. 

*  SchimmeVs  Report,  1910,  Oct.,  p.  98. 
t  Ber.  1907,  40,  4467. 

%  Ofvers.  FinsJca  Vet.-Soc.  1910,  53  (A),  No.  8,  p.  17. 
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Santenone  has  not  been  directly  synthesised,  although  its 
preparation  from  santene  involves  an  indirect  synthesis,  this 
hydrocarbon  having  been  prepared  from  camphenilone  (see 
p.  208). 

The  ketone  can  be  readily  identified,  either  by  the  preparation 
of  the  semicarbazone,  Z-form,  m.p.  222-224°,  dl-,  m.p.  228-229°, 
or  by  its  oxidation  to  santenic  acid,  m.p.  170-171°. 

Z-Santenone,  m.p.  58-61°,  b.p.  193-195°,  [a]D  -  4-40°  (in 
alcoholic  solution),  has  an  odour  resembling  that  of  camphor 
and  cineole;  the  inactive  form  melts,  according  to  Aschan,*  at 
50-52°,  b.p.  196-5-197°;  whereas  Semmler  and  Barteltf  found 
the  melting-point  to  be  about  30°,  b.p.  75-76°/9mm.,  d20°  0-966, 

20° 

nD  1-4690,  for  a  specimen  prepared  by  the  oxidation  of  ir-nor- 
borneol.  This  difference  in  the  melting-point  may  be  due  to  the 
two  ketones  being  stereoisomerides. 

In  view  of  the  close  structural  relationship  to  camphor  a 
detailed  investigation  of  the  reactions  of  santenone  would  be  of 
great  interest,  but  the  difficulties  involved  in  its  preparation  have 
so  far  precluded  this  being  undertaken. 

The  reduction  of  santenone  with  sodium  and  alcohol  yields 
7r-7iomoborneol  (see  p.  213),  whilst,  as  already  mentioned,  its 
oxidation  with  potassium  permanganate  gives  santenic  acid. 
According  to  Rimini,}  it  is  oxidised  on  exposure  to  sunlight  with 
the  formation  of  an  unsaturated  aldehyde  (IV),  but  the  constitu- 
tion of  this  has  not  been  rigidly  proved. 


H2C- 


CH3 
■c— 


CO 


CHO 


H2C 


H3C.C.H 
 CH- 


CEL 


H3C 


H26 


(I) 


CH3 

=C 

i.H 

-CH— 
(IV) 


l-Santenoneoxime  is  an  oil,  b.p.  110-113°/6  mm.,§  but  Rimini|| 
has  obtained  the  inactive  oxime  as  a  crystalline  solid,  m.p.  80-81° ; 
this  was  previously  described  by  Semmler  and  BarteltH  as  an  oil, 
b.p.  116-120°/9  mm.,  d20°  1-012,  n™*  1-4956.  By  the  reduction  of 

*  Ofvers.  Finska  Vet.-Soc.  1910,  53  (A),  No.  8,  p.  16.  f  Ber.  1907,  40,  4466. 
X  Gazzetta,  1915,  44,  i,  568.  §  Schimmel  and  Co.  loc.  cit. 

||  Gazzetta,  1914,  43,  n,  522.  II  Ber.  1908,  41,  127. 
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the  liquid  oxime  (V)  with  sodium  and  alcohol,  Semmler  and 
Bartelt  prepared  santenylamine  (7T-norbornylamine)  (VI),  b.p. 
69°/10  mm.,  d20°  0-9163,  n£°  1-47612,  picrate,  m.p.  208°,  whilst, 
by  the  action  of  sulphuric  acid,  they  obtained  the  nitrile  of 
7T-BOTcampholenic  acid,  b.p.  82-83°/9  mm.,  d20°  0-950,  nD  1-4720. 
This  nitrile  gave  on  hydrolysis  with  alkali  TT-noxcampholenic 
acid,  b.p.  132-134°/10  mm.,  d20°  1-014,  nD  1-47936. 


CH3 
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H3C.C.H 
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CN 


H2C 
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 CH— 
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The  action  of  nitrous  acid  in  hydrochloric  acid  solution  on  the 
crystalline  oxime  was  investigated  by  Rimini,  who  obtained  in 
place  of  the  expected  pernitrososantenone,  a  blue  oil,  b.p.  113— 
116°/9  mm.,  having  the  composition  C9H140NC1.  This  oil  gives 
on  treatment  with  semicarbazide  santenone  semicarbazone,  and 
it  is  possibly  represented  by  formula  (VIII). 


CHa 

I 


KjC 


H«C.C.H 

in- 


.CI 


CH2 


(VIII) 


Pernitrososantenone  was  prepared  by  the  method  adopted  for 
the  preparation  of  the  corresponding  derivative  of  thujone.*  It 
is  an  oil  which  cannot  be  purified,  and  gives  on  hydrolysis 
with  alkali  a  mixture  of  santenoneoxime  and  santenone.  Acid 
hydrolysis  gave,  in  addition  to  santenone,  an  isomeric  ketone, 
isosantenone,  b.p.  185-186°,  semicarbazone,  m.p.  172-175°.  The 
constitution  of  this  ketone  was  not  determined. 

isoNitrososantenone  (IX),  m.p.  89-90°,  has  been  prepared  by 
Palmenf  and  yields  on  degradation  by  the  usual  methods  de- 
rivatives of  santenic  acid.  J  Hydrolysis  with  hydrochloric  acid 

*  Gazzetta,  1900,  30,  1,  602. 

|  Dissertation,  Helsingfors,  1914. 

J  Compare  Aschan,  Naphtenverbindungen,  Terpene  und  Campherarten,  1929,  p.  142. 
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in  the  presence  of  formaldehyde  gave  santenonequinone  (X), 
m. p.  84-85°,  which  forms  a  hydrate,  m.p.  137-138°,  disemicarb- 
azone,  m.p.  238°,  dioxime,  m.p.  144-145°.*  A  diketone  having 
presumably  the  same  structure  was  prepared  by  Semmler  and 
Barteltt  by  the  oxidation  of  benzylidenesantenone  (XI)  with 
potassium  permanganate  in  acetone  solution.  According  to  these 
authors  it  melts  at  105°,  b.p.  121-127°/10  mm.  This  difference 
in  properties  has  not  been  explained  and  may  be  due  to  stereo- 
isomerism. 
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Semmler  and  Bartelt  J  prepared  also  hydroxymethylenesanten- 
one,  b.p.  110-113°/9  mm.,  by  the  action  of  ^oamyl  formate  on 
the  ketone  in  the  presence  of  sodium. 

*  Palmen,  Finska  Kemistsamfundet  Medd.  1927,  36,  11. 
t  Ber.  1908,  41,  125. 
t  Ibid.  1907,  40,  4468. 
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CAMPHANE,  JSOCAMPHANE  AND 
THEIR  DERIVATIVES 

A.  HYDROCARBONS 
CAMPHANE 


The  saturated  dicyclic  hydrocarbon,  camphane,  C10H16,  is  of 
outstanding  importance,  since  it  is  the  parent  hydrocarbon  of 
the  camphor  group.  Attempts  to  prepare  this  hydrocarbon  by 
the  direct  reduction  of  camphor  have  not  proved  successful,  but 
it  has  been  obtained  by  methods  which  leave  no  doubt  that  it 
must  contain  the  same  ring  structure  as  the  ketone. 

The  impure  hydrocarbon  (II)  was  first  prepared  by  Letts*  and 
almost  simultaneously  by  Montgolfierf  by  the  action  of  sodium 
on  molten  bornyl  chloride  (I),  being  later  obtained  pure  by 
Kachler  and  Spitzerf  by  reduction  of  the  chloride  with  sodium 
in  benzene  solution.  Semmler§  later  showed  that  camphane  was 
formed  when  either  bornyl  chloride,  ^obornyl  chloride  or  bornyl 
dichloride  was  reduced  with  sodium  in  alcoholic  solution,  whilst 
Aschan||  has  described  its  preparation  by  the  reduction  of  bornyl 


H2C- 


CH2 
■C— 


H26 


*C .  \j  .  C] 

(I) 


CHC1 


H2C- 


CH, 


Na 


CH2  C2H5OH  H2C 


IqC  .    .  C 

-L- 


H2 


H,C 


CH2  H2C 


CH3 

■C  

C.CH3 

Ah — 


CH 


CH 


(II) 


(III) 


*  Rep.  Brit.  Assoc.  1876;  Ber.  1880,  13,  793. 
t  Ann.  chim.  1880  (v),  19,  145. 
%  Ber.  1880,  13,  615,  2236. 

§  Ibid.  1900,  33,  777,  3424;  compare  Meerwein  and  Wortmann,  Annalen,  1923, 
430,  205. 

||  Ber.  1900,  33,  1009;  1912,  45,  2395;  Annalen,  1901,  316,  234. 
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iodide  with  zinc  dust  in  acetic -hydriodic  acid  solution.  This  latter 
method  of  preparation  has  the  advantage  that  it  is  performed 
at  the  ordinary  temperature  and  so  minimises  the  risk  of  mole- 
cular rearrangement.  Reduction  of  bornyl  chloride  has  also 
been  observed  to  occur  when  the  chloride  is  allowed  to  react 
with  magnesium  and  the  product  subsequently  treated  with 
cyanogen.* 

Henderson  and  Pollockj*  have  shown  that  camphane  can  be 
conveniently  prepared  by  the  hydrogenation  of  bornylene  (III) 
by  the  Sabatier-Senderens  process,  using  a  nickel  catalyst  and  a 
temperature  of  170-190°. 

A  direct  proof  of  the  structural  relationship  of  camphane  to 
camphor  has  been  furnished  by  KishnerJ  and  by  Wolff,  §  who 
prepared  the  hydrocarbon  from  camphorhydrazone  (IV),  the  de- 
composition of  the  hydrazone  being  effected  either  by  distillation 
with  potassium  hydroxide  or  by  the  action  of  sodium  ethylate 
at  190°.  A  somewhat  similar  method  is  involved  in  its  prepara- 
tion from  the  dihydrazone  of  the  diketone  (V)  (see  p.  325). || 


Camphane  crystallises  in  six-sided  plates,  m.p.  153-154°,  b.p. 
160-161°/760  mm.,  and  it  is  extremely  volatile  even  at  the 
ordinary  temperature.  It  has  a  faint  odour  resembling  that  of 
borneol.  The  hydrocarbon  is  optically  inactive  whatever  its 
method  of  preparation,  and  this  is  in  agreement  with  theory,  since 
its  molecule  is  symmetrical.  It  is  extremely  resistant  to  all 
reagents  and  it  is  not  attacked  by  fuming  sulphuric  acid  at  180°. 
Nitro  derivatives  have,  however,  been  prepared  by  the  action  of 
dilute  nitric  acid  at  145-150°.  This  reaction,  which  was  first 
studied  by  Konowalov  and  Kikina,H  has  been  investigated  more 


*  Grignard,  Bellet  and  Courtot,  Ann.  chim.  1919  [ix],  12,  374. 

f  J.C.S.  1910,  97,  1620. 

%  J.  Buss.  Phys.  Chem.  Soc.  1911,  43,  582. 

§  Annalen,  1912,  344,  95. 

il  Bredt  and  Goeb,  J.  pr.  Chem.  1920  [ii],  101,  278. 
It  J.  Muss.  Phys.  Chem.  Soc.  1902,  34,  935. 
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recently  by  Nametkin,*  who  has  shown  that  two  stereoisomeric 
nitrocamphanes  (VI)  and  (VII)  are  formed.  a-Nitrocamphane 
melts  at  128-130°  and  a -nitrocamphane  at  146-147°;  they  are 
separable  by  fractional  crystallisation  and  both  on  oxidation 
yield  dZ-camphor. 
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Owing  to  the  marked  tendency  of  camphene  and  its  derivatives 
to  isomerise  to  substances  containing  the  camphane  nucleus, 
considerable  difficulty  was  experienced  in  the  preparation  of  the 
saturated  hydrocarbon,  isocamphane  or  dihydrocamphene  (II), 
C10H18.  The  early  experiments  made  with  the  object  of  preparing 
this  hydrocarbon  had  as  their  starting-point  substances,  such  as 
bornyl  chloride,  containing  the  camphane  nucleus,  and  impure 
^ocamphane  was  probably  first  obtained  by  Semmlerf  by  heating 
borneol  with  zinc  dust  under  pressure.  The  introduction  of 
catalytic  methods  of  hydrogenation  has  rendered  it  possible  to 
prepare  this  hydrocarbon  by  less  drastic  reactions. 
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In  1901  Sabatier  and  SenderensJ  hydrogenated  camphene  (I), 
m.p.  41°,  with  a  nickel  catalyst  at  160-175°,  and  obtained  a 

*  J.  Buss.  Phys.  Chem.  Soc.  1915,  47,  409.  f  Ber.  1900,  33,  776. 

t  Compt.  rend.  1901,  132,  1256;  Ann.  chim.  1905  [viii],  4,  391. 
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saturated  hydrocarbon,  b.p.  164-165°,  d%  0-849,  which  probably 
consisted  essentially  of  isocamphane.  This  method  of  reduction 
was  also  used  by  Zelinski*  who  from  a  d-camphene,  m.p.  49-50°, 
obtained  a  crystalline  hydrocarbon,  m.p.  60-61°,  which  was 
slightly  dextrorotatory  and  consisted  undoubtedly  of  pure  iso- 
camphane.  Shortly  afterwards  Semmlerf  prepared  a  mixture  of 
camphene  and  isocamphane  by  a  somewhat  different  method. 
He  converted  camphenilyl  alcohol  (III)  into  the  corresponding 
chloride  (IV)  which  on  reduction  gave  a  mixture  of  the  two 
hydrocarbons  (I)  and  (II). 
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In  191 1  Lipp  J  studied  in  detail  the  preparation  and  properties 
of  isocamphane  and  showed  the  apparently  divergent  results  of 
Sabatier  and  Senderens  and  Zelinski  to  be  due  to  the  use  by  the 
former  of  an  impure  camphene. §  He  found  that  when  carefully 
purified  camphene  was  reduced  with  a  nickel  catalyst  at  170- 
190°,  or  at  the  ordinary  temperature  in  the  presence  of  platinum 
black,  a  crystalline  ^ocamphane  was  obtained  accompanied  by 
only  a  small  quantity  of  a  liquid  hydrocarbon,  which  was  pro- 
bably ci/cZofenchene  (p.  451).  By  the  reduction  of  optically  active 
camphene  an  optically  active  isocamphane  was  obtained,  which 
was  opposite  in  sign  to  the  unsaturated  hydrocarbon.  ^soCam- 
phane  has  been  prepared  by  Ipatiev||  by  the  reduction  of  cam- 
phene at  high  pressures  at  240°,  using  a  nickel  oxide  catalyst  and 

*  J.  Buss.  Phys.  Ghent.  Soc.  1904,  36,  768;  Zelinski  and  Gutt,  Ber.  1907,  40,  4747. 

t  Ber.  1909,  42,  962. 

t  Annalen,  1911,  382,  265. 

§  Compare  Henderson  and  Pollock,  J.C.S.  1910,  97,  1622. 
i|  Ber.  1912,  45,  3206. 
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also  from  d-borneol  with  a  mixed  alumina-nickel  oxide  catalyst 
at  110  atmospheres  with  a  temperature  of  215-220°.  In  the 
latter  case  Z-isocamphane  was  obtained.  According  to  Meerwein 
and  Emster*  tricyclene  on  distillation  over  nickel  at  180-200° 
in  a  current  of  hydrogen  yields  isocamphane. 

dZ-woCamphane    melts    at    65-66°,    b.p.    164-5°/709  mm., 


dlV  0-8275-7,  rfp  1-44186,  whilst  for  the  optically  active  modi- 
fications the  following  constants  have  been  observed:  d-iso- 
camphane,  m.p.  62-63°,  b.p.  166-166-5°/760  mm.,  [a]D  +  8-68°; 
Z-wocamphane,  m.p.  63-64-5°,  b.p.  164°/757  mm.,  d20°  0-8417, 
[a]D  -  8-5°  (in  alcohol). f 

Although  the  preparation  of  the  optically  active  modifications 
of  isocamphane  provided  evidence  that  it  contained  an  asym- 
metric structure  and  so  differed  from  camphane,  the  con- 
stitution assigned  to  it  was  confirmed  by  Lipp  from  a  study  of  its 
degradation  products.  On  oxidation  with  potassium  perman- 
ganate in  acetic  acid  solution  it  was  found  to  yield  a  mixture  of 
camphenilanaldehyde  (V),  camphenilanic  and  isocamphenilanic 
acids  (VI)  (p.  239),  whilst  by  the  action  of  nitric  acid  it  gave  the 
same  products  as  camphene  (pp.  244,  253),  camphene  nitrosite, 
carboxyapocamphoric  acid  and  isocamphoronic  acid.  The  mechan- 
ism of  this  reaction  is  discussed  on  p.  254. 
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The  nitration  of  ^socamphane  has  been  investigated  by 
Nametkin  and  Abakumovskaja,t  who  obtained  a  nitroisocam- 
phane,  m.p.  48-49°.  This  substance  probably  has  formula  (VII), 
since  on  oxidation  with  potassium  permanganate  it  yields  a 
mixture  of  two  stereoisomeric  ketones,  fi-isocamphone  (VIII), 
m.p.  91-92°,  semicarbazone,  m.p.  196-197°,  and  ft' -isocamphone 

*  Ber.  1920,  53,  1820. 

t  The  high  melting-point,  87°,  recorded  by  Vavon  (Compt.  rend.  1909,  149,  998) 
for  isocamphane  prepared  by  the  hydrogenation  of  camphene  with  a  platinum  black 
catalyst  was  probably  due  to  his  having  used  an  impure  specimen  of  camphene,  his 
hydrocarbon  consisting  essentially  of  camphane. 

t  J.  Buss.  Phys.  Chem.  Soc.  1915,  47,  414. 
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(IX),  m.p.  63-64°,  semicarbazone,  m.p.  195°.  The  structural 
identity  of  the  two  ketones,  which  are  also  formed  during  the 
nitration  of  the  hydrocarbon,  was  established  by  their  oxidation 
to  the  same  dibasic  acid,  1:2:  2-trimethylcyc\opentane-3  :  5- 
dicarboxylic  acid  (X),  m.p.  178-180°. 
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The  saturated  dicyclic  hydrocarbon,  camphenilane,  C9H16  (II), 
was  prepared  by  Nametkin*  by  Kishner's  method  from  cam- 
phenilone  hydrazone  (I),  its  constitution  following  from  its  method 
of  preparation. 
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Camphenilane  is  an  oil,  m.p.  15-16°,  b.p.  142-5°/753  mm., 
dlo  0*8547,  rip  1-4555.  It  is  extremely  stable  to  nitric  acid  and 
resembles  in  this  respect  the  paraffins.  When  treated  with  this 

*  Annalen,  1924,  438,  186;  compare  Nametkin  and  Chuchrikova,  J.  Russ.  Phys. 
Chem.  Soc.  1915,  47,  425;  Annalen,  1928,  467,  191. 
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reagent  (d  =  1-015)  at  140-145°  it  gives  a  mixture  of  two  nitro- 
camphenilanes,  two  isomeric  ketones,  C9H140,  and  a  dibasic 
acid. 

The  acid  was  identified  as  eis-apofenchocamphoric  acid  (III), 
m.p.  144-5-145°.  The  two  nitrocamphenilanes,  a-nitrocampheni- 
lane  (IV),  m.p.  18-20°,  b.p.  124-5-125°/20  mm.,  and  2-nitro- 
camphenilane  (V),  m.p.  89-91°,  were  orientated  by  oxidation  to 
the  corresponding  ketones.  a-Nitrocamphenilane  was  found  to 
yield  /3-fenchocamphorone  (VI),  m.p.  60-63°,  identical  with  the 
ketone  prepared  by  Komppa  and  Roschier*  from  apocyclene 
(p.  272),  whilst  2-nitrocamphenilane  gave  camphenilone  (VII). 
These  two  ketones  were  also  formed  directly  by  the  action  of 
nitric  acid  on  camphenilane. 
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Camphene,  C10Hi6,  is  the  only  crystalline  dicyclic  hydrocarbon 
occurring  in  nature  and,  for  this  reason,  it  is  probably  the  only 
hydrocarbon  which  has  been  obtained  pure  and  free  from  iso- 
merides.  Z-Camphene  was  first  separated  by  Gobulovf  from  the 
essential  oil  derived  from  Abies  Sibirica,  and  the  d-,  I-  and 

*  Annalen,  1922,  429,  175. 

t  J.  Buss.  Phys.  Chem.  Soc.  1888,  20,  585. 
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eft-forms  have  since  been  shown  to  occur  fairly  widely  distri- 
buted.* 

Camphene  had  been  prepared  in  the  laboratory  many  years 
prior  to  its  discovery  in  nature.  It  was  mentioned  on  p.  142  that 
when  dry  hydrogen  chloride  is  allowed  to  react  with  oil  of 
turpentine  a  crystalline  hydrochloride,  "artificial  camphor", 
C10H16,  HC1,  is  obtained.  After  the  preparation  of  this  substance 
by  Kindt  |  in  1802  experiments  were  instituted  with  the  object  of 
removing  the  halogen  and  in  1831  Oppermann,J  by  the  action 
of  lime  and  other  bases,  obtained  a  partially  crystalline  hydro- 
carbon of  the  composition,  C10H16 ,  which  undoubtedly  contained 
camphene.  These  experiments  were  repeated  by  Dumas, §  who 
introduced  the  name  camphene  or  camphogene  for  the  hydrocar- 
bon so  obtained.  It  is  unnecessary  to  do  more  than  refer  to  the 
later  researches  of  Blanchet  and  Sell,  1 1  Dumas  and  Oppermann,H 
Souberain  and  Capitaine,**  and  we  may  pass  on  to  a  consideration 
of  the  classical  work  of  Berthelot.  In  1858 jf  Berthelot  first 
prepared  pure  camphene  by  heating  "artificial  camphor"  with 
an  excess  of  sodium  stearate  or  sodium  benzoate  in  sealed  tubes 
at  240-260°.  He  described  it  as  a  crystalline  solid,  m.p.  46°, 
b.p.  160°,  which,  when  oxidised  in  the  presence  of  platinum 
black,  gave  camphor.  He  made  the  further  important  obser- 
vation that,  whereas  "artificial  camphor"  from  terebenthine 
(Z-pinene)  gave  Z-terecamphene  (Z-camphene),  that  prepared  from 
australene  (tZ-pinene)  gave  eZ-austracamphene  (<i-camphene).  It 
is  remarkable  evidence  of  the  genius  of  Berthelot  that  he  re- 
cognised at  this  early  date  that  pinene  and  camphene  could  not 
have  the  same  structural  formulae  and  that  "  artificial  camphor" 
did  not  contain  the  original  structure  of  pinene.  The  full  implica- 
tion of  this  interpretation  of  his  results  was  not  appreciated  for 
many  years,  "artificial  camphor"  being  still  referred  to  as  a 
derivative  of  pinene.  The  elimination  of  hydrogen  chloride  from 
' '  artificial  camphor ' '  was  investigated  by  Riban,  J  J  who  succeeded 
for  the  first  time  in  preparing  cZZ-camphene  from  eZZ-pinene,  and 

*  Gildemeister  and  Hoffmann,  Die  Aiherischen  Ole,  I,  357. 
t  TrommsdorfJ.  Pharm.  1803,  11,  n,  132. 

t  Pogg.  Annalen,  1831,  22,  193.  §  Annalen,  1833,  6,  245. 

||  Ibid.  p.  259.  H  Ibid.  1834,  9,  59. 

**  Ibid.  1840,  34,  311.  ft  Compt.  rend.  1858,  47,  266. 

it  Ann.  chim.  1875  [v],  6,  353. 
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he  studied  in  some  detail  the  reactions  of  both  the  optically 
active  and  inactive  forms  of  the  hydrocarbon.  It  is  not  im- 
probable that  he  was  the  first  to  prepare  the  true  camphene 
hydrochloride,  since  he  remarked  on  the  facility  with  which  the 
product  prepared  by  the  action  of  hydrogen  chloride  on  cam- 
phene decomposed.  In  the  years  following  the  conditions 
governing  the  removal  of  hydrogen  chloride  from  "artificial 
camphor"  (bornyl  chloride)  were  studied  by  numerous  investi- 
gators,* and  in  view  of  its  technical  importance  the  reaction  has 
formed  the  subject  of  many  patents. 

Although  Berthelot  had  shown  in  1858  that  camphene  gave 
on  oxidation  camphor,  and  it  was  well  known  that  the  latter 
could  be  reduced  to  borneol,  attempts  to  convert  the  alcohol  into 
camphene  by  direct  elimination  of  water  are  not  recorded  in  the 
earlier  literature.  It  is  true  that  Ribanf  prepared  "borneo- 
camphene"  from  the  hydrochloride  resulting  from  the  action  of 
hydrogen  chloride  on  borneol,  but  its  identity  with  the  camphene 
derived  from  "artificial  camphor"  would  appear  to  have  been 
first  recognised  by  Wallach  J  and  by  Bruhl.§  Oppenheim  and 
Pfaff[|  investigated  the  action  of  phosphorus  pent  oxide  on 
borneol  and  described  a  hydrocarbon  "borneene",  which  was 
probably  impure  camphene,  since  Wallach  showed  definitelylf 
that  camphene  was  formed  in  this  reaction. 

The  elimination  of  hydrogen  chloride  from  bornyl  and  iso- 
bornyl  chlorides  provides  the  most  important  method  for  the 
preparation  of  camphene,  but  it  is  obtained  also  in  other  reactions 
to  which  reference  will  be  made  in  the  sequel. 

Although  camphene  can  be  prepared  readily  in  a  crystalline 
form,  doubts  were  raised  from  time  to  time  as  to  whether  the 
hydrocarbon  was  actually  homogeneous  and  if  the  hydrocarbons 
prepared  by  different  reactions  were  structurally  identical.  The 
exhaustive  investigations  of  Aschan**  leave  no  doubt  that  this 

*  Inter  al.  Wallach,  Annalen,  1887,  239,  6;  Bouchardat  and  Lafont,  Bull.  Soc. 
chim.  1887  [ii],  47,  489;  Bnihl,  Ber.  1892,  25,  147;  Marsh  and  Stockdale,  J.C.S.  1890, 
57,  964;  Marsh  and  Gardner,  ibid.  1891,  59,  648,  730;  Reychler,  Bull.  Soc.  chim.  1896 
15>  371. 

f  Ann.  chim.  1875  [v],  6,  353. 

t  Annalen,  1885,  230,  233;  1887,  239,  6;  1888,  245,  209;  1889,  252,  140;  1892, 
269,  349. 

§  Ber.  1892,  25,  148.  ||  Ibid.  1874,  7,  626. 

11  Annalen,  1885,  230,  237.  **  Ibid.  1911,  383,  39. 
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is  the  case;  d-,  I-  and  dZ-camphenes,  whatever  their  origins,  have 
the  same  constitution. 

Since  camphene  shows  such  a  marked  tendency  to  undergo 
intramolecular  rearrangement,  the  determination  of  its  constitu- 
tion has  afforded  considerable  difficulty  and  has  given  rise  to  a 
large  volume  of  controversial  literature,  much  of  which  it  will  be 
unnecessary  to  consider  here. 

In  view  of  Berthelot's  observation  that  camphene  gave  on 
oxidation  camphor,  it  is  natural  that  all  the  earlier  constitutional 
formulae  for  the  hydrocarbon  were  based  on  that  of  the  ketone. 
The  remarkable  stability  of  the  camphor  structure,  as  compared 
with  that  of  pinene  and  the  other  hydrocarbons  known  at  the 
time,  led  Hlasiwetz*  to  represent  camphene  as  a  saturated 
hydrocarbon  (I)  and  other  tricyclic  formulae  were  suggested  at 
a  much  later  date.  In  1873  Kekulef  suggested  (II)  containing 
two  ethylenic  linkages,  the  formula  being  based  upon  the  facile 
conversion  of  camphor  into  derivatives  of  benzene,  whilst  we 
owe  to  Armstrong  J  the  suggestion  of  a  dicyclic  structure  with 
one  ethylenic  linkage  (III). 
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The  investigations  of  Kanonnikov§  on  the  molecular  refraction 
of  camphor,  borneol  and  their  derivatives  had  shown  them  to 
contain  a  saturated  structure,  and  it  followed  therefore  that  the 
elimination  of  water  from  borneol  must  yield  either  a  tricyclic 
saturated  hydrocarbon  or  a  dicyclic  hydrocarbon  containing  one 
ethylenic  linkage.  Bruhl||  was  at  first  inclined  to  the  former 


*  Ber.  1870,  3,  539.  f  H>id.  1873,  6,  931.  %  Ibid.  1878,  11,  1698. 

§  J.  Buss.  Phys.  Chem.  Soc.  1883, 15,  469;  J.  pr.  Chem.  1885  [ii],  32,  511. 
||  Ber.  1888,  21,  677. 
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alternative,  but  four  years  later*  he  agreed  with  the  conclusion, 
at  which  Wallach  f  had  previously  arrived,  that  camphene  was 
a  dicyclic  hydrocarbon  containing  one  ethylenic  linkage.  In 
conformity  with  the  structure  at  the  time  assigned  to  camphor, 
formula  (IV)  was  suggested  for  the  hydrocarbon,  but  in  1893 
BredtJ  with  the  advent  of  his  new  camphor  formula  modified 
this  to  (V). 
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This  formula  received  general  acceptance,  although  tricyclic 
formulae  were  suggested  by  Collie,  §  Marsh  and  Gardner,  ||  and 
Dodge.  H  Prior  to  the  investigations  of  Wagner,  which  must  now 
be  discussed,  the  only  important  alternative  formula  advanced 
was  that  of  (VI)  due  to  Bouveault.** 

In  1890  Wagner ff  showed  that  camphene,  on  oxidation  with 
dilute  potassium  permanganate,  gave  a  glycol,  camphene  glycol, 
C10H16(OH)2 ,  thus  for  the  first  time  furnishing  direct  experimental 
evidence  of  the  presence  of  an  ethylenic  linkage  in  the  hydro- 
carbon, and  some  years  later  {J  he  described  the  acids  formed 
during  the  oxidation.  He  separated  (i)  a  dibasic  acid,  camphenic 
acid  (camphene-camphoric  acid),  C10H16O4,  isomeric  with  cam- 
phoric acid,  and  (ii)  a  hydroxy  acid,  camphenylic  acid,  C10H16O4, 
which  was  an  a-hydroxy  acid,  since  it  gave  on  further  oxidation 
with  lead  peroxide  a  ketone,  camphenilone,  C9H140.  On  the  basis 
of  the  Bredt  formula  (V)  it  was  somewhat  difficult  to  account 

*  Ber.  1892,  25,  145. 

t  Annalen,  1887,  239,  51;  1889,  252,  136;  1892,  209,  345. 

t  Ber.  1893,  26,  3147.  §  Ibid.  1892,  25,  1108. 

||  J.C.8.  1896,  69,  74.  11  Amer.  Chem.  J.  1902,  24,  649. 

**  Bull.  Soc.  chim.  1893  [iii],  7,  403;  1894  [iii],  11,  134. 

ft  Ber.  1890,  23,  2311. 

it  J.  Buss.  Phys.  Chem.  Soc.  1896,  28,  64;  Ber.  1897,  29,  124. 
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for  the  formation  of  this  hydroxy  acid,  although  a  possible 
mechanism  involving  the  scheme  set  out  below  was  suggested : 


CH 


CoH 


CHOH 


CHOH 


C8H14C.(OH)C02H 


C(OH)2 


This  explanation  was  obviously  unsatisfactory,  and  it  was 
further  extremely  difficult  to  account  for  the  isomerism  of  cam- 
phoric and  camphenic  acids.  In  1899  Wagner*  made  the  revo- 
lutionary suggestion  that  camphor  and  camphene  had  not  the 
same  carbon  skeleton  and  that,  just  as  there  was  an  intra- 
molecular change  in  the  passage  of  a-pinene  (VII)  to  bornyl 
chloride  and  borneol  (VIII)  (compare  p.  132),  so  also  an  intra- 
molecular change  occurred  in  the  dehydration  of  the  latter  to 
camphene,  which  he  now  represented  by  (IX).  On  the  basis  of 
this  new  formula  its  oxidation  to  campheneglycol  (X),  cam- 
phenylic  acid  (XI)  and  camphenilone  (XII)  was  to  be  antici- 
pated, but  the  formation  of  camphenic  acid,  to  which  formula 

(XIII)  was  given,  was  evidently  abnormal. 

This  new  formula  for  camphene,  which  only  differed  from  that 

(XIV)  suggested  by  Tiemannf  in  the  position  of  the  ethylenic 
linkage,  received  considerable  support  from  the  further  investi- 
gations of  Wagner  and  Brickner.  J  The  elimination  of  hydrogen 
chloride  from  bornyl  chloride  by  the  action  of  alkali  does  not 
take  place  very  readily  and  involves  heating  the  reactants.  The 
sole  product  of  the  reaction  is,  however,  camphene.  Wagner  and 
Brickner  found,  however,  that,  if  bornyl  iodide  (XV)  was  used 
instead  of  the  chloride,  the  reaction  proceeded  with  much  greater 
facility  and  resulted  in  the  formation,  not  only  of  camphene,  but 
also  of  a  new  isomeric  hydrocarbon,  bornylene,§  m.p.  98°.  This 
hydrocarbon  must  have  the  formula  (V),  previously  assigned  by 

*  J.  Russ.  Phys.  Chem.  Soc.  1899,  31,  680. 

t  Ber.  1895,  28,  1090.  The  Tiemann  formula  was  based  on  his  proposed  modifi- 
cation of  the  Bredt  camphor  formula  (see  p.  308). 
%  Ibid.  1899,  32,  2302. 

§  Wagner  and  Brickner' s  bornylene  was  not  quite  pure  and  contained  some 
tricyclene. 
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Bredt  to  camphene,  since  on  oxidation  it  gives  camphoric  acid 
(XVI).  In  this  case  the  elimination  of  hydrogen  iodide  had  taken 
place  without  intramolecular  change. 
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Whilst  the  Wagner  formula  was  successful  in  explaining  in  a 
simple  manner  the  majority  of  the  reactions  of  camphene,  it  did 
not  readily  account  for  its  oxidation  to  camphenic  acid  with 
potassium  permanganate  or  to  cw-camphoric  acid  with  nitric 
acid  (see  p.  243).  What,  however,  appeared  at  first  sight  to  be 
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a  more  fundamental  objection  was  the  observation  due  to 
Semmler,*  that  on  ozonolysis  camphene  did  not  yield,  as  would 
have  been  anticipated,  camphenilone  (XVII),  but  the  lactone, 
dimethylnoTcampholide  (XIX),  the  constitution  of  which  was 
proved  shortly  afterwards  by  its  synthesis,  f  An  explanation  of 
the  formation  of  this  lactone  was,  however,  supplied  by  Harries 
and  Palmen.J  They  found  that,  when  camphene  was  ozonised 
in  acetic  acid  solution  and  the  ozonide  decomposed  in  the  usual 
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manner,  a  mixture  of  approximately  equal  quantities  of  cam- 
phenilone (XVII)  and  the  lactone  (XIX)  was  obtained.  The 
latter  was,  however,  a  secondary  product  of  the  reaction  re- 
sulting from  the  degradation  of  the  ketone  through  the  peroxide 
(XVIII),  a  reaction  analogous  to  the  oxidation  by  Caro's  reagent 
of  saturated  ring  ketones  to  lactones. §  Harries  and  Palmen  con- 
cluded, therefore,  that,  contrary  to  the  assumption  of  Semmler, 
the  formation  of  the  lactone  was  in  full  accord  with  the  Wagner 
formula.  This  received  additional  support  from  the  experiments 
of  Buchner  and  Weigand,||  who  condensed  camphene  with  ethyl 
diazoacetate  and  obtained  an  ester,  which  gave  on  hydrolysis 
a  tricyclic  acid  (XX)  and  from  the  latter,  by  oxidation  with 
potassium  permanganate,  cyclopropane- 1  :  1  :  ^-tricarboxylic  acid 
(XXI)  was  obtained.  This  acid  could  only  result  from  the  addi- 
tion of  the  diazo  ester  to  an  exocyclic  ethylenic  linkage,  since, 


*  Ber.  1909,  42,  246. 
%  Ber.  1910,  43,  1432. 
||  Ber.  1913,  46,  759. 


t  Komppa  and  Hintikka,  Ber.  1909,  42,  898. 
§  Baeyer  and  Villiger,  Ber.  1900,  33,  858. 
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had  this  been  endocyclic,  q/dopropane-l 
would  have  been  formed  on  oxidation. 


2  :  3-tricarboxylic  acid 


H2C 


CH— 

CH2 
■Ah— 

(XX) 


CH3 


-CH, 


-CH, 


CH.C02H 
(XXI) 


These  experiments  of  Buchner  and  Weigand  were  of  consider- 
able importance,  since  Aschan*  had  shown  that  camphenic  acid 
must  have  the  constitution  (XXIII)  suggested  by  Wagner.  In 
his  opinion  the  formation  of  camphenic  acid  was  explained  most 
simply  if  camphene  was  represented  by  the  endocyclic  formula 
(XXII). 

This  formula  for  camphene  was,  however,  finally  disproved 
by  Lipp,  Gotzen  and  Reinartz'sf  synthesis  of  endocamphene 
(XXII)  from  co-bromocamphene  (XXIV)  (p.  236).  When  this 
bromide  is  treated  with  alkali  it  yields,  amongst  other  products, 
a  ketone,  Ji-homocamphenilone  (XXV),  semicarbazone,  m.p.  210- 


CH, 


H2C  CH  cf 

I  |  \CH 

CH2  CH 

-in  11 


H2C 


■CH 


H,C- 


H2C- 


(XXII) 


-CH  
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CH2 

-in- 

(XXIII) 


CH3 

I  XCH3 
C02H 


211°,  the  constitution  of  which  was  proved  by  its  oxidation  to 
camphenic  acid  (XXIII)  and  by  the  fact  that  it  was  not  acted 
upon  by  sodamide,  which  would  have  been  the  case  if  it  had  had 
the  alternative  formula  (XXV  a)  (compare  the  action  of  soda- 
mide on  fenchone,  p.  463).  On  reduction  with  sodium  and  alcohol 
n-homocamphenilol  (XXVI),  m.p.  73-76°,  b.p.  107-1 10°/10  mm., 
phenylur ethane,  m.p.  119°,  was  obtained,  which,  by  dehydration 
with  zinc  chloride  in  benzene  solution,  gave  endocamphene 


(XXII),  b.p.  170-6-171-6°/744-5  mm.,  dlJ'   0-8957,^'4  1-48442. 

*  Annalen,  1910,  375,  336.    Aschan's  proof  of  the  constitution  of  this  acid 
together  with  Lipp's  synthesis  is  described  on  p.  243. 
f  Ibid.  1927,  453,  1. 
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The  molecular  refraction  of  endocaniphene  is  normal  and  shows 
no  exaltation,  whereas  that  of  camphene,  in  agreement  with  the 
presence  of  an  exocyclic  ethylenic  linkage,  has  an  exaltation  of 
0-51  unit.* 


H..C- 


HoC- 


CH3 

I  XCH3 
CO 

CH  CH2 

(XXV  a) 
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CH, 


-CH 
(XXIV) 


-CH- 
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CH3 
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-CHOH 


(XXIII) 


CH  CH  H2C  CH — 

(XXII)  (XXVI) 

The  conversion  of  the  a> -bromide  into  the  ketone  involves  a 
widening  of  the  ring  and  has  an  analogy  in  the  observation  of 
Hintikka,f  that  the  lead  salt  of  camphenylic  acid  (XXVII)  on 
distillation  yields  carhocamphenilone  (XXVIII),  m.p.  58-59°, 
which,  on  oxidation  with  hydrogen  peroxide,  gave  camphenic 
acid  (XXIII).  A  similar  type  of  reaction  is  involved  in  the 
formation  of  carbofenchonone  (p.  477). 


CH, 


H2C 


-CH- 
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-CH- 


OH 
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H,C- 


-CH 
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CH2 
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ioXcH 


(XXVIII) 


(XXVII) 

These  experiments  leave  no  doubt  that  Wagner's  formula  for 
camphene  correctly  represents  the  constitution  of  this  hydro- 
carbon, and  it  is  probable  that  the  occurrence  of  camphenic 
acid  amongst  the  oxidation  products  is  due  to  the  intermediate 
formation  of  carbocamphenilonone  by  the  action  of  alkali  on 
camphenylic  acid.  This  suggestion  receives  support  from  the 
observation  of  LangloisJ  that,  if  the  oxidation  is  carried  out  in 
neutral  solution,  no  camphenic  acid  is  formed. 

*  Auwers,  Annalen,  1912,  387,  240.  f  Ber.  1914,  47,  512. 

t  Ann.  chim.  1919  [ix],  12,  301. 
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Camphene  can  be  prepared  by  the  dehydration  of  meihyl- 
camphenilol  (XXX)  (p.  258),  which  is  obtained  by  the  action  of 
magnesium  methyl  iodide  on  camphenilone  (XXIX),  and,  since 
the  latter  has  been  prepared  synthetically  (see  p.  302),  this 
implies  a  complete  synthesis  of  camphene. 


H2C 

(XXIX)  (XXX) 


H, 


/CH3  /CH3  /CH 

H,C  CH  C<  H2C  CH  C<  H2C  CH  C 

I             XCH3                      |              \CH3        |  | 
CH2  CH3MgI  CH2   >  I  CH2 

 djH  CO  *H9C  hs.  c/°H     H9C  CH  C: 


CH, 


The  dehydration  of  methylcamphenilol  is  best  effected  by 
warming  with  dilute  sulphuric  acid,  and,  in  view  of  the  great 
tendency  for  camphene  to  isomerise  in  the  presence  of  acids,  it 
would  be  dangerous,  in  the  absence  of  other  evidence,  to  accept 
this  synthesis  as  a  proof  of  the  constitution  of  the  hydrocarbon. 

When  camphene  is  present  in  an  essential  oil  in  quantity,  it 
can  readily  be  identified  by  separation  in  the  crystalline  form 
and  determination  of  its  melting-point,  the  identification  being 
confirmed  by  hydration  by  the  Bertram -Walbaum  method  to 
^oborneol.  When  it  is  present  in  small  percentages  its  recogni- 
tion is  not  simple,  and  is  probably  best  effected  by  its  oxidation 
with  potassium  permanganate  in  acetic  acid  solution  to  cam- 
phenilone. 

Somewhat  divergent  results  have  been  quoted  in  the  litera- 
ture for  the  physical  constants  of  camphene,  but  the  following 
would  appear  to  be  representative  values,  the  optically  active 
and  inactive  modifications  having  approximately  the  same 
melting-point,  51-52°,  b.p.  158-15-159-5°/760  mm.,  d5f  0-84224, 
1-5514,  [a]D  +  103-89°,  -  84-9°  (in  ether).  The  hydro- 
carbon has  probably  not  been  prepared  optically  pure.  The 
molecular  refraction,  44-02,  shows  a  marked  exaltation,  0-51, 
over  the  calculated  value,  43-51,  in  good  agreement  with  the 
constitution  assigned  to  the  hydrocarbon.*  The  heat  of  com- 
bustion as  determined  by  Auwers,  Roth  and  Eisenlohrf  is 
1471  Kg.  cals. 


*  Auwers,  Annalen,  1912,  387,  240. 

f  Annalen,  1910,  373,  275;  compare  Roth  and  Ostling,  Ber.  1913,  46,  323. 
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Before  proceeding  to  a  consideration  of  the  properties  of 
camphene,  it  may  be  useful  to  summarise  the  more  important 
reactions  by  which  it  can  be  prepared.  The  majority  of  these 
originate  from  a-pinene  and  involve  two  Wagner  rearrangements. 
The  hydrocarbon  can  be  prepared  by  the  elimination  of  hydrogen 
chloride  from  bornyl  chloride  or  from  isobornyl  chloride ;  by  the 
dehydration  of  borneol  and  ^oborneol  and  by  the  action  of 
acetic  anhydride  on  bornylamine.  By  the  use  of  suitable  con- 
ditions it  is  possible  to  prepare  by  these  methods  camphene 
having  a  high  rotatory  power,  thus  6Z-bornyl  chloride  gives 
Z-camphene,  a  reversal  of  sign  occurring. 

Camphene  cannot  be  reduced  with  sodium  and  alcohol,  whilst 
with  hydriodic  acid  at  280°  it  yields  a  mixture  of  hydrocarbons 
which  have  not  been  identified.  On  catalytic  hydrogenation  it 
can,  however,  be  readily  reduced  to  isocamphane,  the  prepara- 
tion and  properties  of  which  have  already  been  discussed  (p.  223). 
When  the  hydrocarbon  is  distilled  over  nickel  in  a  current  of 
hydrogen  at  350-360°  it  yields  ^-cymene.* 

Reference  has  been  made  already  to  the  oxidation  of  cam- 
phene with  ozone  (p.  234).  By  the  action  of  benzoylhydro- 
peroxide,  Faiduttif  has  prepared  camphene  oxide  (XXXI),  b.p. 
90-92°/20  mm.,  which  on  distillation  with  pumice  yields  cam- 
phenilanaldehyde  (XXXII).  By  the  oxidation  of  camphene  with 

/CH3                              /CH3  /CH3 
H2C  CH  C<  H2C  CH  C<  H2C  CH  C< 
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H,C- 


CH, 


CH2 

CH  C— CH9     H2C  CH- 


xCHa 


I 

CH, 


\CH, 


H.CHO  HgC  CH  CHOH 

(XXXI)  "V'  (XXXII)  (XXXIII) 

hydrogen  peroxide  in  acetic  acid  solution  Henderson  and 
Sutherland  J  obtained  a  number  of  products,  the  more  important 
being  (i)  camphene  glycol,  (ii)  camphenilone,  (iii)  isocamphenilan- 
aldehyde,  a  stereoisomeride  of  camphenilanaldehyde  (XXXII), 
(iv)  camphenanic  acid,  C9H15C02H,  and  (v)  a  substance,  C9H1602, 
b.p.  94-96°/14  mm.  The  latter,  the  constitution  of  which  has  not 
been  determined,  had  somewhat  curious  properties  since,  whilst 


*  Sabatier  and  Gaudion,  Compt.  rend.  1919,  168,  671. 
f  Compt.  rend.  1929,  189,  884. 
%  J.C.S.  1911,  99,  1539. 
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it  gave  camphenilone  on  oxidation  with  potassium  permanganate, 
on  treatment  with  phthalic  anhydride  it  gave  the  hydrogen 
phthalate,  m.p.  163-164°,  of  an  alcohol,  C9H160,  m.p.  94-95°, pro- 
bably a  stereoisomeride  of  camphenilol,  m.p.  84°  (XXXIII).  In 
a  subsequent  communication  Henderson  and  Sutherland*  have 
discussed  the  problem  of  the  relationship  of  the  various  isomeric 
acids,  C10H16O2,  derived  from  camphene,  which  have  been  de- 
scribed. These  are  four  in  number:  (i)  camphenilanic  acid,  m.p. 
65°,  prepared  by  Bredt  and  Jagelkif  by  the  exposure  of  cam- 
phenilanaldehyde  to  the  air;  (ii)  isocamphenilanic  acid,  m.p.  118°, 
which  is  formed  when  camphenilanic  acid  is  repeatedly  crys- 
tallised from  either  water,  alcohol  or  light  petroleum,  but  not  if 
acetic  acid  is  used.  It  is  also  obtained  when  this  acid  is  boiled 
for  some  time  with  dilute  nitric  acid  and  by  the  oxidation  of 
either  camphenilanaldehyde  or  ^ocamphenilanaldehyde  with 
potassium  permanganate;  (iii)  and  (iv)  camphenanic  acid,  m.p. 
95°,  and  isocamphenanic  acid,  m.p.  74°,  which  result  from  the 
oxidation  of  either  camphene  or  bornylene  with  hydrogen 
peroxide.  These  two  acids  have  also  been  isolated  by  Aschanf 
from  amongst  the  products  formed  by  the  oxidation  of  camphene 
with  potassium  permanganate  in  acetic  acid  solution. 

According  to  Bredt§  camphenilanic  and  ^ocamphenilanic  acids 
are  represented  by  (XXXIV)  (p.  240)  and  correspond  to  the  two 
isomeric  aldehydes  (XXXII),  but  their  relationship  to  the  other 
two  acids  is  obscure.  Except  ^ocamphenanic  acid,  the  acids 
yield  individual  esters,  b.p.  103-104°/22  mm.,  from  which  the 
original  acids  are  obtainable  on  hydrolysis.  From  the  ester  pre- 
pared from  isocamphenanic  acid  a  mixture  of  camphenilanic  and 
isocamphenilanic  acids  was  obtained  on  hydrolysis.  This  can  be 
interpreted  in  two  ways.  Either  ^ocamphenanic  acid  is  a  mixture 
or  else  it  isomerises  on  esterification.  On  reduction  all  the  esters 
were  found  to  yield  the  same  alcohol,  camphenilanol  (XXXV), 
m.p.  77°,  hydrogen  phthalate,  m.p.  153°,  the  constitution  of  which 
is  proved  by  its  oxidation  to  camphenilanaldehyde  (XXXII). 

The  oxidation  of  camphene  with  chromic  acid  has  been 
investigated  by  Berthelot,||  Riban,H  Armstrong  and  Tilden**  and 

*  J.C.S.  1914, 105,  1710.  t  Annalen,  1900,  310,  112. 

%  Ofversigt  Finsha  Vet.-Soc.  1911,  53  (A),  No.  12.        §  Annalen,  1909,  366,  57. 
||  Compt.  rend.  1869,  68,  334;  Annalen,  1869,  150,  374. 
H  Ann.  chim.  1865  [v],  6,  387.  **  Ber.  1879,  12,  1756. 
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by  Kachler  and  Spitzer,*  and  has  been  shown  to  yield  amongst 
other  products  camphor  (XXXVIII).  This  oxidation  obviously 
involves  a  Wagner  rearrangement,  and  it  seems  probable  that 
camphene  hydrate  (XXXVI)  is  first  formed  which  then  tauto- 
merises  to  borneol  (or  isoborneol)  (XXXVII)  (compare  p.  293) 
and  the  latter  is  oxidised  to  the  ketone.  This  method  has  been 
used  for  the  manufacture  of  camphor,  but  it  did  not  prove 
economic.  By  carrying  out  the  oxidation  in  acetic  anhydride- 
carbon  tetrachloride  solution,  Treibs  and  Schmidt f  obtained 
camphenilone,  camphenilanaldehyde  and  camphelanic  acid. 
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By  the  action  of  chromyl  chloride  on  camphene  iStardJ  pre- 
pared an  addition  compound  of  the  composition  C10H16 ,  2Cr02Cl2 , 
which  was  a  light  brown  amorphous  powder.  It  was  extremely 
hygroscopic  and  was  shown  by  Bredt  and  Jagelki§  to  be  de- 
composed by  water  with  the  formation  of  camphenilanaldehyde 
(XXXII). 

Brief  mention  has  been  made  already  (p.  231)  of  the  more 
important  products  which  result  from  the  oxidation  of  camphene 
with  potassium  permanganate,  a  reaction  which  has  been  re- 


*  Annalen,  1880, 200,  359. 
X  Compt.  rend.  1893,  116,  434. 


t  Ber.  1928,  61,  459. 

§  Annalen,  1900,  310,  119. 
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peatedly  studied  since  the  pioneering  investigation  of  Wagner.* 
By  oxidation  of  the  hydrocarbon  dissolved  in  benzene  with  a 
1  per  cent,  solution  of  potassium  permanganate  Wagner  ob- 
tained campheneglycol  (XXXIX),  m.p.  199-5-200°.  The  reactions 
of  this  glycol  have  been  examined  in  some  detail  by  Moycho  and 
Zienkowski,f  who  characterised  it  by  the  preparation  of  a 
monobenzoate  (XL),  m.p.  88°,  from  which  by  the  action  of  phos- 
phorus pentachloride  they  prepared  an  unsaturated  benzoate 
(XLI),  m.p.  85-86°.  When  the  latter  was  hydrolysed  it  gave 
camphenilanaldehyde  (XLII),  which  had  been  prepared  previously 
by  Milobendzki{  from  campheneglycol  by  the  action  of  dilute 
acids. 
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If  campheneglycol  be  further  oxidised  with  potassium  per- 
manganate it  yields  camphenylic  acid  (XLIII),  m.p.  170-172°, 
and  camphenilone  (XLIV),  but  no  camphenic  acid. 

Camphenylic  acid,  which  has  been  prepared  also  by  the  action 
of  sodium  carbonate  on  bromocamphenilanic  acid  (XLV),§  has 
the  usual  properties  of  an  ce-hydroxy  acid.  It  yields  a  sparingly 
soluble  sodium  salt  and  on  further  oxidation,  with  either  lead 

*  Ber.  1890,  23,  2309. 

f  Annalen,  1905,  340,  17. 

%  J.  Muss.  Phys.  Chem.  Soc.  1899,  31,  679. 

§  Bredt  and  Jagelki,  Annalen,  1900,  310,  131. 
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peroxide  or  an  acid  solution  of  potassium  permanganate,  gives 
camphenilone.  This  ketone  together  with  tricyclenic  acid  (XLVI) 
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is  obtained  also  when  the  hydroxy  acid  is  treated  with  concen- 
trated sulphuric  acid. 

When  camphene  is  oxidised  with  potassium  permanganate  in 
alkaline  solution,  in  addition  to  the  products  already  mentioned, 
the  dibasic  acid,  camphenic  acid,  is  obtained.  This  acid,  for  which 
the  following  constants  have  been  recorded  by  Aschan,*  cis-d- 
and  Z-acids,  m.p.  143-5-144-5°,  [a]D±  18°,  cis-dl-,  m.p.  135-5- 
136-5°,  trans-,  m.p.  122-123°,  has  been  shown  by  this  authorf 
to  be  represented  by  formula  (XLVII),  as  had  been  suggested 
originally  by  Wagner.  By  the  action  of  bromine  on  the  acid 
chloride  a  bromocamphenic  acid  (XL VIII),  m.p.  189-190°,  was 
obtained,  indicating  that  there  was  only  one  hydrogen  atom  in 
the  a-position  to  the  carboxyl  groups.  This  acid  gave  on  digestion 
with  sodium  carbonate  solution  hydroxycamphenic  acid  (XLIX), 
m.p.  152°,  and  dehydrocamphenic  acid,  m.p.  155°,  which  from  its 
method  of  preparation,  assuming  camphenic  acid  to  have  for- 
mula (XLVII),  must  be  represented  by  either  (L)  or  (L  a).  For 
reasons  which  have  already  been  given  on  p.  108  there  can  be  no 
doubt  that  it  has  formula  (L). 

By  an  ingenious  synthesis  Lipp  J,  shown  schematically  at  foot 
of  p.  242,  has  proved  conclusively  the  correctness  of  Wagner's 
formula  for  camphenic  acid. 

As  has  been  mentioned  already,  the  formation  of  camphenic 
acid  in  the  oxidation  of  camphene  is  the  result  of  an  abnormal 
reaction.  There  can  be  no  doubt  that  it  is  a  secondary  product 
formed  by  the  action  of  alkali  on  camphenylic  acid.  Indirect 
evidence  in  support  of  this  has  been  given  by  Langlois  (p.  236) 
and  Hintikka  (p.  236),  whilst  Aschan  §  has  shown  that,  when 
the  hydroxy  acid  is  fused  with  alkali,  camphenic  acid  is 
obtained. 

Camphenic  acid  undergoes  a  number  of  interesting  reactions. 
Reference  is  made  on  p.  302  to  its  conversion  into  camphenilone 
by  the  distillation  of  its  lead  salt.  When  the  acid  is  heated  with 
acetic  anhydride,  ring  closure  occurs  with  the  formation  of 
camphenonic  acid  (LI),  d-  and  1-,  m.p.  70°,  dl-,  m.p.  134°,  which, 
although  it  is  a  /3-ketonic  acid,  does  not  decompose  on  heating 
and  in  this  respect  resembles  ketopinic  acid  (p.  245).  When 

*  Annalen,  1911,  383,  52.  t  Ibid.  1910,  375,  336. 

%  Ber.  1914,  47,  871.  §  Ibid.  1914,  47,  1121. 
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heated  with  sodium  ethylate  at  180°  it  is  reconverted  into 
camphenic  acid.* 


H2C- 


CH- 


CH, 


C02H 


CH3     Ac  anhydride 


C2H6ONa 


H. 


CH 

k 
I 

C- 
I 


CH, 


^CH, 


CO 


(XLVII)  (LI) 

Nitric  acid  acts  upon  camphene  both  as  a  substituting  and 
oxidising  agent.  It  will  be  more  convenient  to  consider  here 
only  the  latter  reaction,  the  former  being  discussed  on  p.  253. 
The  oxidation  of  camphene  with  nitric  acid  was  studied  by 
Urban!  and  by  Armstrong  and  Tilden,{  but  the  first  detailed 
investigation  was  due  to  Marsh  and  Gardner. §  They  showed  the 
main  products  of  the  reaction  to  be  carboxyapocamphoric  acid 
(LII),  m.p.  199-200°,  and  apocamphoric  acid  (LIII),  cis-,  m.p. 
203-5-204-5°,  anhydride,  m.p.  178-179°,  trans-,  m.p.  189-190°. 
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The  constitution  of  apocamphoric  acid  has  been  proved  by 
its  synthesis,  for  which  we  are  indebted  to  Komppa.|| 
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*  Aschan,  Annalen,  1915,  410,  240. 
t  Ber.  1878,  11,  391. 
J  Ibid.  1879,  12,  1756. 
§  J.C.S.  1891,  59,  648. 

||  Ber.  1901,  34,  2472;  Annalen,  1909,  368,  126. 
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Carboxyapocamphoric  acid  loses  carbon  dioxide  when  it  is 
heated  above  its  melting-point  and  the  third  carboxyl  group 
must  therefore  be  attached  to  the  same  carbon  atom  as  one  of 
the  other  carboxyl  groups.  This  only  permits  of  it  having  for- 
mula (LIT).  It  is  obvious  that,  in  the  course  of  the  oxidation  of 
camphene  to  apocamphoric  acid,  a  Wagner  rearrangement  must 
occur  and  the  mechanism  of  the  reaction  has  formed  the  subject 
of  considerable  controversy.  The  position  has,  however,  been 
clarified  by  the  investigations  of  Komppa  and  his  collaborators.* 
They  found  that,  in  addition  to  carboxyapocamphoric  and 
apocamphoric  acids,  the  ketonic  acid,  ketopinic  acid  (LVI),  m.p. 
234°,  was  also  formed  in  the  oxidation.  This  acid  was  first 
obtained  by  Armstrong,  Gilles  and  Renwickf  by  the  oxidation 
of  bornyl  chloride  with  nitric  acid.  On  fusion  with  potassium 
hydroxide  or  by  heating  with  sodium  ethylate,  it  yields  pino- 
phanic  acid  (LV),  m.p.  203°,  the  constitution  of  which  is  proved 
by  its  synthesis  from  apocamphoric  anhydride  (LTV)  by  the 
reactions  outlined  below.  J 
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The  isolation  of  ketopinic  acid  makes  it  probable  that  the 
oxidation  of  camphene  proceeds  in  accordance  with  the  following 
scheme.  All  the  substances  shown,  with  the  exception  of  the 
hydroxy  acid  (LVII),  have  been  actually  separated. 


*  Bex.  1908,  41,  2747;  1911,  44,  863,  1536;  Annalen,  1909,  366,  71. 
t  J.C.S.  1896,  69,  1401 ;  Gilles  and  Renwick,  Proc.  C.S.  1897,  64,  158. 
j  Komppa,  Ber.  1911,  44,  1536. 
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Although  camphene  contains  an  ethylenic  linkage,  it  does  not 
react  at  all  readily  or  smoothly  with  either  chlorine  or  bromine. 
The  early  investigations  of  Marsh  and  Gardner*  and  of  Semmlerf 
on  the  chlorination  of  the  hydrocarbon  left  the  nature  of  the 
products  formed  in  a  somewhat  unsatisfactory  position,  which 
has,  however,  been  clarified  by  the  more  recent  investigations  of 
LangloisJ  and  of  Meerwein  and  Wortmann.§ 

By  the  chlorination  of  camphene  Langlois  obtained  an  oil, 
b.p.  95-105°/10  mm.,  which,  when  boiled  with  dimethylaniline, 
gave  pure  cu-chlorocamphene  (LVIII),  b.p.  95-98°/15  mm.,  the 
constitution  of  which  was  proved  by  its  oxidation  to  campheni- 
lone  (LIX). 
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This  chloride  does  not  react  with  hydrogen  chloride,  but  it 
gives  on  treatment  with  hydrogen  bromide  a  crystalline  chloro- 
bromocampTiane,  m.p.  87-88°.  This  substance  probably  has  for- 
mula (LX),  although  its  constitution  has  not  been  definitely 

*  J.C.8.  1897,  71,  289.  t  Ber.  1902,  35,  1021. 

%  Ann.  chim.  1919  [ix],  12,  193.  §  Annalen,  1923,  435,  194. 
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proved.  It  is  also  possible  to  prepare  from  a>-chlorocamphane 
a  trichloride,  C10H15C13,  m.p.  104°,  which  is  probably  also  a  cam- 
phane  derivative,  but  the  position  of  the  chlorine  atoms  has  not 
been  determined. 

Meerwein  and  Wortmann  have  described  two  isomeric  chloro- 
camphanes.  When  a-dichlorocamphane  (LXI),  prepared  by  the 
action  of  phosphorus  pentachloride  on  camphor  (see  p.  355),  is 
treated  with  potassium  acetate  in  phenol  solution  it  yields 
a-chlorocamphene  (LXII),  m.p.  20°,  b.p.  193-197°,  which  on 
ozonolysis  yields  a-chlorocamphenilone  (LXIII),  b.p.  116-118-5°/ 
18  mm.,  semicarbazone,  m.p.  206-207°. 
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When  a-dichlorocamphane  (LXI)  is  allowed  to  stand  in 
benzene  solution  containing  tin  tetrachloride  it  isomerises  to 
fi-dichlorocamphane  (/3-camphor  dichloride)  (LXIV),*  m.p.  178- 
179°,  which  gives  with  potassium  acetate  in  phenolic  solution  a 
P-chlorocamphene,  m.p.  123-129°,  b.p.  194-200°,  which  must  be 
stereoisomeric  with  a-chlorocamphene,  since  it  yields  on  ozono- 
lysis a  fi-chlorocamphenilone  (LXIII),  semicarbazone,  m.p.  244- 
245°.  At  the  same  time  chlorotricyclene  (LXV),  m.p.  134-135°, 
is  formed. 


*  This  dichloride,  for  reasons  discussed  on  p.  318,  is  formulated  with  the  second 
chlorine  atom  in  position  10,  although  Meerwein  and  Wortmann  placed  this  in 
position  6. 
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The  bromination  of  camphene  proceeds  more  smoothly  than 
the  clilorination,  but  the  products  have  not  been  fully  investi- 
gated. co-Bromocam'phene  (LXVI),  which  is  an  oil,  was  first 
described  by  Wallach,*  who  prepared  it  by  the  bromination  of 
camphene  in  alcohol-ether  solution,  the  bromination  according 
to  Reychlerf  proceeding  more  smoothly  in  light  petroleum. 
o>-Bromocamphene  is,  however,  not  the  sole  product  of  the 
bromination,  a  not  inconsiderable  quantity  of  a  dibromide  being 
formed  simultaneously.  This  dibromide,  m.p.  90-91°,  is  also 
obtained  when  camphene  hydrochloride  J  is  brominated.§  The 
constitution  of  this  dibromide  has  not  been  determined,  but  it 
must  be  a  derivative  of  camphane  (LXVIII)  and  not  of  isocam- 
phane,  since  Semmler||  has  found  that,  on  reduction  with  sodium 
and  alcohol,  it  gives  the  former  hydrocarbon.  For  the  dibromide 
Semmler  tentatively  suggested  formula  (LXVII),  whilst  Lang- 
loisll  prefers  (LXVII  a),  which  is  probably  correct.  There  would 
appear  to  be  little  doubt  that  the  dibromide  is  not  a  direct 
product  of  the  action  of  bromine  on  camphene,  but  is  formed, 
as  was  first  suggested  by  Marsh,**  by  the  action  of  hydrogen 
bromide  on  co-bromocamphene.f  f  The  crystalline  dibromide  can 
be  conveniently  used  for  tne  preparation  of  o>-bromocamphene 
(LXVI),  since  when  digested  with  diethylaniline  or  quinoMne  it 
is  converted  into  the  latter,  b.p.  1 15-120°/15  mm.,  [a]D  +  68-85°. 
The  constitution  of  this  bromide  is  proved  by  its  conversion 
into  camphene  on  reduction  with  sodium  and  alcoholfj  and 
by  its  oxidation  with  oxides  of  nitrogen  to  camphenilone 
(LXIX).§§ 

Langlois||||  has  investigated  in  some  detail  the  reactions  of 
co-bromocamphene.  When  treated  with  hydrogen  bromide  it 

*  Annalen,  1885,  230,  235. 
|  Ber.  1896,  29,  900. 

J  The  camphene  hydrochloride  used  by  these  authors  was  undoubtedly  a  mixture 
of  bornyl  chloride,  isobovnjl  chloride  and  camphene  hydrochloride. 

§  Junger  and  Klages,  Ber.  1896,  29,  544;  Godlewski,  ibid.  1899,  32,  2303. 

||  Ber.  1900,  33,  3425. 

H  Ann.  chim.  1919  [ix],  12,  193. 

**  Proc.  C.S.  1899,  p.  54. 

ft  For  another  view  of  the  mechanism  of  the  formation  of  the  dibromide  see  Lipp, 
J.  pr.  Chem.  1922  [ii],  105,  50. 
tt  Semmler,  Ber.  1900,  33,  3425. 
§§  Langlois,  loc.  cit. 

\\\\  Compare  also  Lipp,  J.jpr.  Chem.  1922  [ii],  105,  50;  Lipp,  Gotzen  and  Reinartz, 
Annalen,  1927,  453,  1. 
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yields  dibromocamphane  (LXVII  a),  which  on  further  bromina- 
tion  gives  a  tribromide,  m.p.  77-78°,  a  substance  first  described 
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by  Semmler.*  The  position  of  the  bromine  atoms  has  not  been 
determined.  o>-Bromocamphene  reacts  readily  with  carbon  di- 
oxide in  the  presence  of  magnesium  to  give  camphene  carboxylic 
acid  (LXX),  m.p.  124-125°,  some  hydrocarbon  being  produced 
simultaneously  by  the  Wurtz  reaction. 
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Results  of  very  great  interest  and  importance  have  accrued 
from  a  study  of  the  action  of  the  halogen  acids,  more  especially 
hydrochloric  acid,  on  camphene.  It  was  observed  originally  by 
Berthelot,f  ^na^  camphene  gave  on  treatment  with  hydrogen 
chloride  a  crystalline  derivative,  from  which  camphene  could  be 
regenerated  by  the  action  of  alkali.  This  chloride,  m.p.  about 
150°,  was  subsequently  prepared  by  RibanJ  and  by  numerous 
other  investigators, §  who  showed  it  to  be  identical  with  iso- 


*  Ber.  1902,  35,  1020. 

f  Annalen,  1859,  110,  367. 

%  Ann.  chim.  1875  [v],  6,  363,  372. 

§  Inter  al.  Kachler,  Ber.  1878, 11,  660;  Annalen,  1879, 197,  94;  Spitzer,  ibid.  1879, 
197,  129;  1880,  200,  344;  Junger  and  Klages,  Ber.  1896,  29,  544;  Reychler,  ibid.  697. 
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bornyl  chloride  (LXXI),  its  formation  involving  a  Wagner 
rearrangement.  A  clear  insight  into  the  course  of  this  reaction 
has  resulted  from  the  investigations  of  Aschan*  supplemented 
by  those  of  Meerwein  and  Emster.  f  Aschan  found  that,  when 
camphene  was  treated  in  methyl  alcoholic  or  ethereal  solution 
with  hydrogen  chloride,  the  resulting  product  could  be  separated 
into  two  fractions,  the  first  of  which  had  m.p.  about  150°  and  the 
second  m.p.  125-127°,  both  of  them  being  optically  active  in  the 
opposite  sense  to  the  hydrocarbon  from  which  they  had  been 
prepared  and  into  which  they  could  be  reconverted  by  the  action 
of  alkali.  According  to  Meerwein  and  Emster  the  higher  melting 
of  these  hydrochlorides  is  somewhat  impure  isobomyl  chloride 
(LXXI),  whilst  the  lower  melting  is  the  true  camphene  hydro- 
chloride (LXXII),t  which  should  exist  in  two  stereoisomeric 
modifications  (LXXII)  and  (LXXII  a). 
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Camphene  hydrochloride,  which  is  extremely  unstable,  can 
also  be  prepared  by  the  action  of  hydrogen  chloride  on  tricyclene 
(LXXIII).  When  kept  at  the  ordinary  temperature  for  some 
time  camphene  hydrochloride  slowly  isomerises,  the  reaction 
being  catalysed  by  traces  of  acids,  and  passes  into  ^obornyl 

*  Annalen,  1911,  383,  7. 

t  Ber.  1920,  53,  1815;  1922,  55,  2500. 

J  These  conclusions  have  been  questioned  by  Aschan,  Naphtenverbindungen, 
Terpene  und  Campherarten,  1929,  177-182,  but  in  the  writer's  opinion  Meerwein  and 
Emster  would  appear  to  be  correct  in  their  deductions. 
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chloride.  This  change  is,  however,  incomplete,  the  reaction  being 
reversible,  the  two  chlorides  behaving  like  true  tautomerides. 
The  reaction  is  monomolecular  and  intramolecular  (see  p.  285). 
The  chlorides  can  be  readily  distinguished  and  the  percentage 
composition  of  a  mixture  be  determined,  since  in  solution  cam- 
phene  hydrochloride  titrates  like  free  hydrochloric  acid.  When 
shaken  with  water  it  passes  smoothly  into  camphene  hydrate 
(LXXIV),  which  is  also  obtained  when  isobornyl  chloride  is 
treated  with  milk  of  lime  at  50-60°.  Camphene  hydrochloride 
on  treatment  with  this  reagent  yields  mainly  camphene,  very 
little  of  the  hydrate  being  formed. 

Semmler*  attempted  to  prepare  camphene  hydrobromide  by 
the  action  of  hydrogen  bromide  on  camphene,  but  obtained  only 
isobornyl  bromide.  More  recently  Meerwein,  Hammel,  Serini 
and  Vorsterf  have  found  that,  if  hydrogen  bromide  is  allowed 
to  react  with  camphene  in  light  petroleum  solution,  camphene 
hydrobromide  is  obtained  together  with  some  isobornyl  bromide. 
The  hydrobromide  has  not  been  prepared  in  a  pure  state  and 
is  even  more  unstable  than  the  hydrochloride,  passing  rapidly 
in  the  presence  of  traces  of  acids  or  moisture  into  isobornyl 
bromide. 

Camphene  hydriodide  has  not  been  described,  Kondakov  and 
Lutschinin  J  having  found  that  isobornyl  iodide  is  formed  by  the 
action  of  hydrogen  iodide  on  the  hydrocarbon. 

The  action  of  hypochlorous  acid  on  camphene,  first  studied 
by  Slawinski,§  has  been  shown  by  Henderson,  Heilbron  and 
Howie||  to  yield  a  chlorohydrin,  C10H16(OH)C1,  m.p.  93°,  which 
they  regard  as  a  chloroisoborneol,  since,  on  reduction  with  zinc 
dust  in  alcoholic  solution,  it  yields  isoborneol.  The  constitution 
of  this  substance  cannot,  however,  be  considered  to  be  estab- 
lished.  On  treatment  with  alkali  it  yields  isocamphenilanalde- 
hyde  (LXXV),  whilst,  on  oxidation  with  chromic  acid,  it  gives 
a  chloroketone,  m.p.  132°,  oxime,  m.p.  142-143°,  semicarbazone, 
m.p.  220-221°.  This  ketone,  which  gives  camphor  on  reduction, 
is  identical  with  that  prepared  in  a  similar  manner  from  bornylene 
chlorohydrin  (p.  270),  which  is  considered  to  be  a  chloroborneol, 


*  Ber.  1900,  33,  3428. 

t  Chem.  Ztg.  1901,  25,  132. 

||  J.G.8.  1914, 105,  1367. 


t  Annalen,  1927,  453,  16. 

§  Bull.  Acad.  Sci.  Cracow,  1905,  491. 
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since  it  gives  on  reduction  borneol.  Henderson  and  his  colla- 
borators apparently  regard  camphene  chlorohydrin  and  borny- 
lene  chlorohydrin  as  stereoisomerides  having  the  formula 
(LXXVI),  and,  if  this  be  the  case,  then  the  chloroketones  should 
be  identical  with  either  a-  or  a'-chlorocamphor  (LXXVII).  The 
properties  of  the  ketone  differ,  however,  completely  from  those 
of  the  two  a-chlorocamphors  and  agree  more  closely  with  those 
of  jS-clilorocamphor  (LXXIX),  which  according  to  Forster*  melts 
at  132-5°,  oxime,  m.p.  134°. f  If  this  identity  should  in  the  future 
be  confirmed,  then  camphene  chlorohydrin  is  probably  a  true 
camphene  derivative  having  formula  (LXXX),  a  constitution 
which  would  also  account  readily  for  its  conversion  into  iso- 
camphenilanaldehyde  and  isoborneol.  It  would  be  a  structural 
isomeride  and  not  a  stereoisomeride  of  chlorohydrin  (LXXVI) 
prepared  from  bornylene  (LXXVIII).  This  structure  for  cam- 
phene chlorohydrin  f  has  been  suggested  by  Detoeuf,§  who 
prepared  it  by  the  action  of  monochlorocarbamide  on  the 
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*  J.C.S.  1902,  81,  272. 


(LXXX  a) 


\C1 


t  The  diifference  in  the  melting-points  of  the  oximes  may  be  due  to  that  prepared 
from  camphene  hydrochloride  being  optically  inactive.  Henderson  and  his  colla- 
borators do  not  state  if  their  preparations  were  optically  active. 

f  A  chlorohydrin  possessing  this  constitution  should  be  capable  of  existing  in  two 
stereoisomeric  modifications. 

§  Bull.  Soc.  chim.  1922  [x],  31,  179. 
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hydrocarbon.  The  alternative  formula  (LXXX  a)  would  appear 
to  be  extremely  improbable,  since  a  substance  having  this 
structure  should  resemble  camphene  hydrochloride  in  its  pro- 
perties. The  tendency  for  camphene  to  yield  camphane  deriva- 
tives substituted  in  the  (10)  position  is  shown  also  in  its 
reaction  with  sulphur  trioxide  (see  p.  258). 

It  was  observed  by  Bouveault*  that  when  camphene  was 
treated  with  fuming  nitric  acid  in  chloroform  solution  two 
camphene  nitrates  were  formed.  One  of  these  was  unstable  and 
decomposed  on  distillation  in  steam  with  regeneration  of  cam- 
phene, but  the  second  volatilised  without  change  and  had  the 
composition  C10H16,  HN03,  b.p.  110°/ 10  mm.  It  was  decomposed 
by  alkali  with  the  formation  of  camphene.  It  is  possible  that 
these  two  nitrates  are  stereoisomeric  camphene  nitrates  corre- 
sponding in  constitution  to  camphene  hydrochloride,  but  this 
has  not  been  proved.  By  the  action  of  nitrogen  pentoxide  on  the 
hydrocarbon  in  chloroform  solution,  Demjanovf  prepared  a 
nitro-acid,  C10H15O5N3,  m.p.  140-141°,  which  doubtless  has 
formula  (LXXXI),  since,  on  treatment  with  alkali  or  on  reduc- 
tion with  zinc  and  hydrochloric  acid,  tricyclenic  acid  (LXXXII) 
is  obtained. 


During  their  investigation  of  the  oxidation  of  camphene  with 
dilute  nitric  acid,  Marsh  and  Gardner  J  observed  the  formation 
of  nitrocamphenes.  These  derivatives,  which  have  been  studied 
in  greater  detail  by  Jagelki§  and  by  Lipp,||  can  be  prepared 
more  conveniently  by  the  action  of  oxides  of  nitrogen  on  cam- 
phene. If  By  the  action  of  this  reagent  Jagelki  prepared  three 

*  Bull.  Soc.  chim.  1900  [iii],  23,  537. 

t  J.  Buss.  Phys.  Chem.  Soc.  1901,  33,  284. 

t  J.C.S.  1891,  59,  648;  1896,  69,  74.  §  Ber.  1899,  32,  1498. 

||  Annalen,  1911,  382,  296;  1913,  399,  241;  1914,  402,  343. 

If  Blaise  and  Blanc,  Compt.  rend.  1899,  139,  886;  Bull.  Soc.  chim.  1900  [iii],  23, 
164;  Komppa  and  Hintikka,  Annalen,  1912,  387,  294. 
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substances,  (i)  camphenilic  nitrite,  (ii)  camphene  nitrosite,  and 
(iii)  camphene  nitronitrosite. 

Camphenilic  nitrite,  the  dZ-form  of  which  melts  at  64°  and 
the  Z-form  prepared  from  Z-caniphene  at  84-85°,  [a]D  —  146-4° 
(in  benzene  solution),  has  been  shown  by  Lipp  to  be  co-nitro- 
camphene  (LXXXIII),  camphene  behaving  like  /3-pinene  on 
nitration.  According  to  Lipp  the  nitration  of  camphene  with 
oxides  of  nitrogen  proceeds  in  accordance  with  the  following 
scheme : 
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The  constitution  of  camphenilic  nitrite  (co-nitrocamphene) 
was  proved  by  its  conversion  (i)  into  camphenilone  (LXXXIV) 
and  potassium  nitroacetate  by  the  action  of  potassium  hydroxide, 
(ii)  into  this  ketone  and  nitromethane  by  the  action  of  alcoholic 
ammonia,  and  (iii)  by  its  reduction  with  aluminium  amalgam  to 
camphenilanaldoxime  (LXXXV).  co-Nitrocamphene  is  the  most 
convenient  source  of  camphenilone. 

Camphene  nitrosite,  C10H16O5N2,  m.p.  158-5°,  can  be  purified 
through  its  sparingly  soluble  garnet-coloured  potassium  salt, 
m.p.  207-209°.  It  has  been  shown  by  Lipp  to  be  coco-dinitro- 
2-hydroxycamphane  (LXXXVI),  since  on  oxidation  with  potas- 
sium permanganate  it  yields  ketopinic  acid  (LXXXVII),  whilst 
on  reduction  with  aluminium  amalgam  it  gives  the  oxime 
(LXXXVIII). 

The  exact  mechanism  involved  in  the  formation  of  this 
dinitrocamphane  derivative  from  camphene  has  not  been  deter- 
mined, since  it  is  not  formed  by  the  action  of  nitric  acid  on 
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co-nitrocamphene.  It  is  of  interest,  however,  since  it  must  be  the 
parent  substance  of  ketopinic  acid,  which  is  always  obtained 
when  camphene  is  treated  with  nitric  acid. 

H2C  CH  CH2  H2C  CH  CH2  H2C  CH  CH2 

Al-Hg                |  KMn04 
H3C.C.CH3        <   H3C.C.CH3   ►  H3C.C.CH3 

 C  CHOH       H2C  C  CHOH         H2C  C  CO 


H2C 


1  !  I 

CH :  NOH  CH  C02H 

o^n^ sro2 

(LXXXVIII)  (LXXXVI)  (LXXXVII) 

The  constitution  of  camphene  nitronitrosite,  C10H15O5N3 ,  has 
not  been  determined.  It  is  a  white  powder  decomposing  at  149° 
and  dissolving  in  nitrobenzene  to  give  a  blue  solution. 

In  addition  to  co-nitrocamphene  two  other  nitrocamphenes 
have  been  described.  In  1901  Forster*  prepared  a  nitrocamphene, 
m.p.  56°,  [a]D  +  112°  (in  alcohol),  by  the  action  of  silver  nitrate 
on  2-bromo-2-nitrocamphane  (XC),  which  is  formed  when  d-cam- 
phoroxime  (LXXXIX)  is  treated  with  potassium  hypobromite.f 
From  its  method  of  preparation  and  assuming  that  it  is  a  nitro- 
camphene, although  direct  proof  of  this  is  lacking,  Forster's 
nitrocamphene  can  have  either  structure  (XCI)  or  (XCI  a).  Of 
these  (XCI  a)  is  obviously  preferable  and  has  indeed  been  sug- 
gested by  Lipp,{  but  it  is  not  identical  with  the  a-nitrocamphene 
described  below  to  which  this  constitution  must  be  assigned. 

It  should  be  readily  possible  to  distinguish  between  these  two, 
since  a  nitrocamphene  of  formula  (XCI  a),  being  a  secondary 
nitro  compound,  should  be  soluble  in  alkali.  Unfortunately 
Forster  does  not  refer  to  this  property,  but  its  general  reactions 
would  appear  to  indicate  that  it  is  a  secondary  and  not  a  tertiary 
nitrocamphene.  If  this  be  the  case  it  is  probably  stereoisomeric 
with  a-nitrocamphene.  It  can  be  readily  reduced  with  zinc  dust 
in  acetic  acid  solution  to  yield  the  corresponding  aminocamphene, 
m.p.  46°,  b.p.  191-192°/758  mm.,  [a]D  +  59-7°  (in  alcohol),  from 
which  by  the  action  of  nitrous  acid  a  hydroxy  camphene,  m.p.  74°, 
is  obtained.  This  alcohol  on  warming  with  dilute  mineral  acids 
is  converted  into  camphor.  It  is  of  interest  to  note  that  this 

*  J.C.S.  1901,  79,  646.  t  Forster,  J.C.S.  1899,  75,  1144. 

t  Annalen,  1913,  399,  241. 
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ketone  is  also  obtained  when  aminocamphene  is  warmed  with 
acetic  anhydride. 
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a-Nitrocamphene,  which  must  undoubtedly  have  formula 
(XCI  a),  was  prepared  by  Nametkin  and  Zabrodin*  by  the  action 
of  dilute  nitric  acid  on  tricyclene  (XCII).  It  is  an  oil,  b.p.  119- 
119-5°,  dl?  1-0689,  n™*  1-4942,  and  gives  on  reduction  with  zinc 
dust  a-aminocamphene  (XCIII),  b.p.  197-198°/750  mm.f  From 
this  base,  after  conversion  into  the  quaternary  ammonium  de- 
rivative (XCIV),  Nametkin  and  Zabrodinf  prepared  the  hydro- 
carbon isocamphodiene  or  camphinene  (XCV),  m.p.  41- 5-42° , 
b.p.  149-1 50°/763  mm.,  which  yields  on  hydration  an  alcohol, 
bornylelol,  m.p.  60-61°,  b.p.  103-104°/10  mm.,  for  which  formula 
(XCVI)  is  suggested. 

By  the  action  of  stannous  chloride  on  a-nitrocamphene, 
Nametkin  and  Zabrodin§  have  prepared  the  ketone  (XCVII), 
m.p.  77-78°,  semicarbazone,  m.p.  205°,  oxime,  m.p.  117-118°, 
which  they  designate  a-camphenone.  || 

*  Annalen,  1925,  441,  181. 

|  The  considerable  difference  in  the  boiling-points  of  Forster's  aminocamphene 
and  a-aminocamphene  would  point  to  their  being  structural  and  not  stereoiso- 
merides. 

%  Ber.  1928,  61,  1491. 

§  Ibid.  1926,  59,  368. 

||  This  name  was  applied  originally  to  the  ketone  prepared  by  Angeli  (Gazzetta, 
1893,  23,  ii,  351;  1894,  24,  n,  44,  317)  from  diazocamphor.  This  is  now  known  (see 
p.  346)  to  be  a  tricyclic  ketone  (Bredt  and  Holz,  J.  pr.  Chem.  1917  [ii],  95,  133). 
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Much  attention  has  been  devoted  to  the  study  of  the  condi- 
tions governing  the  hydration  of  camphene.  Assuming  the 
reaction  to  proceed  normally  and  without  any  molecular  re- 
arrangement, the  tertiary  alcohol,  camphene  hydrate  (XCVIII), 
should  be  formed.  Whilst  under  suitable  conditions  this  can 
actually  be  obtained  as  the  main  product  of  the  reaction,  under 
the  conditions  usually  adopted  for  the  hydration  of  hydrocarbons 
the  secondary  alcohol,  isoborneol  (XCIX),  is  obtained.  It  was 
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shown  originally  by  Bertram  and  Walbaum,*  that,  when 
camphene  was  treated  with  sulphuric-acetic  acid  mixture, 
isobornyl  acetate  was  obtained,  Kachler  and  Spitzerf  having 

*  J.  pr.  Chem.  1894  [ii],  49,  8.  f  Annalen,  1880,  200,  354. 
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previously  prepared  the  corresponding  alcohol  by  heating  cam- 
phene  with  dilute  sulphuric  acid  and  Wallach*  by  the  action  of 
concentrated  sulphuric  acid.  Many  organic  acids  have  been  used 
as  catalytic  agents  in  carrying  out  this  hydration,  the  corre- 
sponding isobomyl  esters  being  obtained  and,  owing  to  its  tech- 
nical importance,  the  conditions  governing  the  conversion  have 
been  very  thoroughly  investigated;  many  references  to  the 
subject  will  be  found  in  the  patent  literature.  If  the  reaction 
is  carried  out  in  alcoholic  solution,  then  isobomjl  ethers  are 
formed  as  was  first  observed  by  Semmler.f  Whilst  isoborneol  is 
always  the  main  product  of  the  hydration  of  camphene,  Aschan  J 
showed  that  the  stereoisomers  alcohol,  borneol,  was  always 
formed  simultaneously,  the  quantity  varying  with  the  conditions 
employed.  When  camphene  is  treated  with  sulphur  trioxide  in 
acetic  anhydride  solution,  the  lactone  of  2-hydroxycamphane- 
10-sulphonic  acid  is  obtained. § 

An  alcohol  having  the  structure  of  camphene  hydrate 
(XCVIII)  was  first  prepared  by  Moycho  and  Zienkowski||  by 
the  action  of  magnesium  methyl  iodide  on  camphenilone  (C). 
Methylcamphenilol  melted  at  117-118°  and  gave  a  phenylure- 
thane,  m.p.  126°.  From  its  method  of  preparation,  there  was  no 
doubt  as  to  the  constitution  of  this  alcohol ;  on  dehydration  it 
could  be  converted  readily  into  camphene,  whilst  when  warmed 
with  the  Bertram -Walbaum  hydrating  mixture  isobornyl  acetate 
was  obtained.  In  1908  AschanH  made  the  important  observation 
that,  when  camphene  hydrochloride  or  preferably  bornyl 
chloride  was  treated  with  milk  of  lime  at  50-60°  or  with  dilute 
potassium  hydroxide  (4-6  per  cent.),  an  alcohol  was  obtained 
which  was  undoubtedly  camphene  hydrate.  This  alcohol  melted  at 
150-151°,  b.p.  206-207-5°,  phenylur ethane,  m.p.  89°,  and  when 
prepared  from  an  optically  active  hydrocarbon  was  optically 
active  (from  d-camphene,  [a]D  +  12-85°,  camphene  hydrate, 
[a]D  -  2-89°;  from  d-a-pinene,  [a]D  +  38-4°,  camphene  hydrate, 
[a]D  —  21-79°).  A  prolonged  study  of  the  reactions  of  camphene 
hydrate  and  methylcamphenilol  by  Aschan**  has  shown  con- 
clusively, that  they  are  related  to  one  another  in  the  same  manner 

*  Annalen,  1886,  230,  235.  f  Ber.  1900,  33,  3430. 

%  Ibid.  1907,  40,  4923.  §  Lipp  and  Holl,  Ber.  1929,  62,  499. 

||  Annalen,  1905,  340,  58.  1  Ber.  1908,  41,  1092. 

**  Annalen,  1911,  383,  65;  1915,  410,  322. 
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as  borneol  and  ^oborneol  and  are  in  fact  c^s-£raws-isomerides 


If  this  be  the  case,  then  it  would  be  anticipated  that  some 
camphene  hydrate  would  be  obtained  by  the  action  of  magne- 
sium methyl  iodide  on  camphenilone.  Although  it  has  not  proved 
possible  to  isolate  pure  camphene  hydrate  from  this  reaction, 
Aschan  has  obtained  indirect  evidence  of  its  presence.  Like 
borneol  and  ^oborneol  camphene  hydrate  and  methylcam- 
phenilol  show  certain  marked  differences  in  their  properties.  If 
camphene  hydrate  be  mixed  with  acetic  acid,  loss  of  water  occurs 
immediately  with  the  formation  of  camphene.  The  dehydration 
of  methylcamphenilol  is,  however,  much  less  rapid,  but  if  crude 
methylcamphenilol,  which  has  not  been  recrystallised,  is  mixed 
with  acetic  acid,  owing  to  the  presence  of  camphene  hydrate, 
the  immediate  formation  of  camphene  can  be  observed.  With 
the  Bertram- Walbaum  reagent  both  alcohols  are  converted  into 
^sobornyl  acetate  and  by  the  action  of  hydrogen  chloride  they 
both  yield  camphene  hydrochloride. 

Whilst  these  experiments  indicate  that  camphene  hydrate  is 
an  intermediate  product  in  the  hydration  of  camphene  to  iso- 
borneol  (and  borneol),  more  direct  proof  of  this  has  been  ob- 
tained by  Aschan,*  who  made  the  important  observation  that, 
when  camphene  was  hydrated  in  ethereal  solution  with  "  diethyl - 
oxonium  sulphate  ",f  camphene  hydrate  containing  only  a  small 
quantity  of  isoborneol  was  obtained. 

*  Medd.  K.  Vetenskaps-akad.  Nobel-Inst.  1919,  5,  No.  8,  p.  19. 

f  This  reagent  is  prepared  by  the  interaction  of  monohydrate  and  ether. 


having  the  formulae  (XCVIII)  and  (XCVIII  a). 
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Meerwein  and  his  collaborators*  have  attempted  to  provide 
a  theoretical  explanation  of  the  conversion  of  camphene  hydrate 
into  isoborneol  and  borneol,  which  has  owed  its  inception  to  their 
related  work  on  the  tautomerism  of  camphene  hydrochloride, 
bornyl  chloride  and  wbornyl  chloride.  They  conclude  on 
grounds,  which  would  appear  to  be  adequate,  that  camphene 
hydrate,  borneol  and  ^oborneol  can  be  regarded  as  true  tauto- 
merides.  It  has  been  mentioned  already  (p.  251),  that  camphene 
hydrochloride  is  unstable  and  can  be  titrated  in  solution  like 
free  hydrochloric  acid.  If  the  hydrochloride  be  dissolved  in 
methyl  alcohol  the  percentage  of  hydrogen  chloride  falls  gradu- 
ally to  a  minimum  and  then  once  again  rises  to  100  per  cent. 
An  explanation  of  this  somewhat  remarkable  observation  is 
found  in  the  occurrence  of  a  series  of  reactions  best  illustrated 
by  the  scheme : 

Camphene  hydrochloride  — ►  camphene  methyl  ether  — >  isobornyl  chloride 
(A)  (B)  (C) 

->  isobornyl  methyl  ether. 
(J>) 

The  change  from  (A)  to  (B)  will  occur  with  the  liberation  of 
hydrogen  chloride,  (B)  to  (C)  with  absorption  of  hydrogen 
chloride,  whilst,  in  the  final  stage  (C)  to  (D),  hydrogen  chloride 
will  once  more  be  liberated  and  be  directly  titratable.  The  cor- 
rectness of  this  view  of  the  mechanism  of  the  reaction  was  proved 
by  carrying  out  the  first  stage  in  the  presence  of  potassium  car- 
bonate, when  camphene  methyl  ether  was  obtained  identical  with 
that  prepared  by  the  interaction  of  the  potassium  derivative  of 
camphene  hydrate  with  methyl  iodide.  This  ether,  m.p.  12-14°, 
b.p.  201-5°,  [a]D  -  12-71°  (from  d-camphene,  [a]D  +  50-75°), 
when  mixed  with  a  methyl  alcoholic  solution  of  hydrogen 
chloride,  passes  into  ^obornyl  methyl  ether  (D),  whilst  if  warmed 
with  acetic  acid  it  yields  camphene. 

Interesting  results  have  been  obtained  also  from  a  study  of 
the  hydration  products  of  the  esters  resulting  from  the  inter- 
action of  a-pinene  and  camphene  with  2-chlorocymene-5-sul- 
phonic  acid  and  trichloroacetic  acid.  By  the  action  of  the  former 
acid  on  a-pinene,  bornyl-2-chlorocymene-5-sulphonate,  m.p.  127- 

*  Meerwein  and  Gerard,  Annalen,  1923,  435,  174;  Meerwein,  Hammel,  Serini  and 
Vorster,  ibid.  1927,  453,  16. 


CH.  V 


AND  THEIR  DERIVATIVES 


261 


129°,  is  obtained,  which  passes  on  hydrolysis  with  alkali  into  a 
mixture  of  isohomeol,  camphene  hydrate  and  camphene.  With 
camphene  on  the  other  hand  isobornyl-2-chlorocymene-5-sul- 
phonate  is  formed  together  with  a  little  of  the  bornyl  ester,  which 
on  hydrolysis  under  similar  conditions  yields  a  mixture  of 
^'soborneol,  camphene  hydrate  and  camphene.  Both  esters 
behave  therefore  as  if  they  were  labile  mixtures  of  all  three 
alcohols.  An  analogous  result  was  obtained,  when  trichloro- 
acetic acid  was  used.  It  was  found  further,  that  the  tendency 
for  the  esters  of  camphene  hydrate  to  pass  into  those  of  borneol 
and  isobomeol  was  directly  dependent  upon  the  dielectric 
constant  of  the  solvent  in  which  the  reaction  was  carried  out, 
the  velocity  of  the  change  increasing  with  the  increase  in  this 
constant.  This  is  in  accord  with  the  view  that  these  intra- 
molecular changes  are  ionic. 

Camphene  has  been  used  in  a  number  of  synthetical  investiga- 
tions and  reference  may  finally  be  made  to  some  of  these.  When 
the  hydrocarbon  was  heated  with  trioxymethylene  in  the  presence 
of  acetic  acid  it  was  found  by  Langlois*  to  give  the  alcohol  (CI), 
b.p.  125-126°/8  mm.,  d15°  0-987,  [a]D  +  45°,  hydrogen  phthalate, 
m.p.  124-125°.  The  constitution  of  this  alcohol  was  proved  by 
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its  oxidation  with  potassium  permanganate  to  camphenilone 
(CII).  By  oxidation  with  chromic  acid,  it  yields  the  acid  (CIII), 
m.p.  124-125°,  which  readily  loses  carbon  dioxide  to  give  cam- 
phene. Of  particular  interest,  however,  is  the  observation  of 
Langlois, f  that  the  acid,  when  treated  with  hydrogen  chloride, 

*  Ann.  chim.  1919  [ix],  12,  193.  f  Bull.  Soc.  chim.  1927  [iv],  41,  386. 
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gave  a  stable  chloro-acid  (CIV),  m.p.  155-156°,  which  showed 
no  tendency  to  undergo  the  Wagner  rearrangement.  This  is  due 
to  the  presence  of  the  carboxyl  group  in  the  side  chain,  since  in 
the  case  of  the  camphene  carboxylic  acid  prepared  by  Houben 
and  his  collaborators  (p.  282)  the  intramolecular  change  readily 
occurs. 

Lipp,  Kiippers  and  Holl*  have  found  that  camphene  con- 
denses readily  with  acetyl  chloride  in  the  presence  of  aluminium 
chloride  to  give  cj-acetylcamphene  (CV),  b.p.  1 12-6-1 14°/12  mm., 
d\l'i0  0-98178,  semicarbazone,  m.p.  199-200-5°,  which  can  be 
prepared  also  by  the  action  of  acetonitrile  on  co-bromocamphene 
(CVI)  in  the  presence  of  magnesium.  The  constitution  of  the 
ketone  is  proved  by  its  oxidation  to  camphenilone. 
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With  benzoyl  chloride  the  reaction  proceeds  in  a  different 
manner,  a>-benzoylborneol  (CVII),  m.p.  69-70°,  being  obtained, 
which  gives  on  oxidation  co-benzoylcamphor  (CVIII),  m.p.  85- 
86°. 

aj-Benzoylcamphene  (CIX),  b.p.  137-138-5°/0-7  mm.,  can,  how- 
ever, be  prepared  by  the  condensation  of  a>-bromocamphene 
with  benzonitrile  in  the  presence  of  magnesium. 
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*  Ber,  1927,  60,  1575;  Lipp  and  Quaedvlieg,  ibid.  1929,  62,  2311 
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The  unsaturated  hydrocarbon,  bornylene  (II),  which  has  not 
been  found  to  occur  in  nature,  was  first  obtained  in  an  impure 
state  by  Spitzer*  by  the  treatment  of  2  :  2-dichlorocamphane  (I) 
with  sodium. 
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In  1899  Wagner  and  Bricknerf  and  TschugaevJ  simulta- 
neously described  its  preparation  by  two  entirely  different 
methods.  During  an  investigation  of  the  reactions  of  the  bornyl 
halides  the  former  found  that,  whilst  bornyl  iodide  (III)  gave,  on 
treatment  with  potassium  phenate,  camphene,  with  a  strong 
alcoholic  solution  of  potassium  hydroxide  no  molecular  re- 
arrangement occurred  and  bornylene  was  obtained.  Meerwein 
and  Joussen  §  in  the  course  of  their  interesting  investigations  on 
the  tautomeric  relationship  of  bornyl  chloride,  isobomjl  chloride 
and  camphene  hydrochloride  have  studied  in  great  detail  the 
effect  of  the  nature  of  the  alkali,  solvent  and  temperature  on  the 
reaction,  and  they  have  found  that  the  bornyl  halides  can  be 
converted  by  the  action  of  potassium  amylate  at  190°  into 
bornylene  in  a  yield  of  93  per  cent. 

As  is  described  elsewhere,  the  dehydration  of  borneol  and 
woborneol  (IV)  leads  by  molecular  rearrangement  to  camphene 
(V) ;  it  was  found  however  by  Tschugaev  that,  if  meihylbornyl 
(isobomy\)-xanthate  (VI)  was  distilled,  the  decomposition  pro- 

*  Annalen,  1879,  197,  129. 

t  Ber.  1900,  33,  2121. 

t  J.  Russ.  Phys.  Chem.  Soc.  1900,  32,  332. 

§  Ber.  1922,  55,  2529. 
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ceeded  normally  with  the  formation  of  bornylene,  the  hydrocar- 
bon having  a  rotation  in  the  opposite  sense  to  that  of  the  alcohol 
from  which  it  was  prepared. 
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Bredt  and  his  collaborators*  have  shown,  however,  that  the 
bornylene  prepared  by  this  reaction  is  not  pure,  being  contami- 
nated with  tricyclene  (VII),  from  which  it  cannot  be  separated 
completely  by  crystallisation,  f  Pure  bornylene  was  first  pre- 
pared by  Bredt  by  the  following  series  of  reactions.  When 
d-camphorcarboxylic  acid  (VIII)  (p.  370)  is  reduced  electroly- 
tically  it  yields  d-borneolcarboxylic  acid  (IX),  which  gives  on 
distillation  d-bornylene-3-carboxylic  acid  (X),  m.p.  112-113°.  It 
was  not  found  possible  to  eliminate  carbon  dioxide  from  this 
acid,  but  on  treatment  with  hydrogen  bromide  in  acetic  acid 
solution  d-2-bromocamphane-3-carboxylic  acid  (XI),  m.p.  90-91°, 
was  obtained.  J  This  reaction  was  shown  to  proceed  without 
molecular  rearrangement  by  reduction  of  the  bromo-acid  to 
d-camphane-3-carboxylic  acid  (XII).  On  warming  the  sodium 
salt  of  this  acid,  bornylene  is  obtained ;  but  the  yield  is  poor  owing 
to  the  simultaneous  formation  of  y-hydroxycarbohydrocampheno- 

*  Bredt  and  Sandkukl,  Annalen,  1909,  366,  1 ;  Bredt  and  Hilbing,  J.  pr.  Chem. 
1911  [ii],  84,  778;  Bredt,  ibid.  1931  [ii],  131,  137. 

f  Compare  Tschugaev  and  Budrick,  Annalen,  1912,  388,  280. 

j  If  ^-bornylene-3-carboxylic  acid  is  treated  with  hydrogen  bromide  in  aqueous 
media  an  isomeric  bromo-acid  is  obtained  (see  p.  373).  It  does  not  give  camphane- 
3-carboxylic  acid  on  reduction. 
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lactone  (XIII),  m.p.  183°,  a  Wagner  rearrangement  being  in- 
volved in  the  formation  of  the  lactone. 
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Whilst  this  method  for  the  preparation  of  bornylene  gives  a 
very  pure  product  it  is  much  more  laborious  than  that  of 
Tschugaev.  It  is  therefore  of  interest  to  note,  that  Henderson 
and  Caw*  have  found  that  it  is  possible  to  prepare  the  pure 
hydrocarbon  by  the  xanthate  process,  if  the  crude  hydrocarbon 
is  carefully  oxidised  with  hydrogen  peroxide.  It  is  somewhat 
remarkable  that  with  this  mild  oxidising  agent  the  tricyclic 
hydrocarbon  should  undergo  preferential  oxidation. 

Another  method  for  the  preparation  of  pure  bornylene  has 
been  devised  by  Ruzicka.f  Bornyltrimethylammonium  iodide 
(XIV),  m.p.  250°, %  was  converted  into  the  hydroxide  (XV), 
which,  on  distillation,  gave  a  mixture  of  bornylene  and  bornyl- 
dimeihylamine  (XVI).  This  amine  yields  on  treatment  with 

*  J.G.8.  1912,  101,  1416.  f  Helv.  Chim.  Acta,  1920,  3,  748. 

t  Forster,  J.C.S.  1899,  75,  945. 
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methyl  iodide  an  isomeric  trimethylammonium  iodide,  m.p.  278- 
279°,  possibly  tsobornyl trimethylammonium  iodide,  related  to 
bornyltrimethylammonium  iodide  in  the  same  manner  as 
Forster's*  bornylamine  and  neowobornylamine  are  related. 
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Bredt  and  Perkinf  have  shown  that  Z-bornylene  is  obtained 
when  \-meihyl  e-pibornylxanthate  (XVII)  is  distilled.  In  this  case 
there  would  appear  to  be  no  tendency  for  the  formation  of  a 
tricyclic  hydrocarbon  to  occur  since  the  Z-bornylene  was  readily 
obtained  quite  pure. 
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The  formation  of  bornylene  has  been  noticed  in  a  number  of 
other  reactions.  Thus  Grignard,  Bellet  and  Courtot J  found,  that 
it  was  formed  when  cyanogen  was  allowed  to  react  with  the 
product  obtained  by  the  action  of  magnesium  on  bornyl  chloride, 
whilst  Aschan§  separated  a  small  quantity  as  a  by-product  in 
the  preparation  of  bornyl  iodide  by  the  action  of  iodine  on  bornyl 
chloride  in  the  presence  of  magnesium. 

*  J.C.S.  1898,  73,  386;  1899,  75,  934;  1900,  77,  1152. 

t  Ibid.  1913, 103,  2224. 

%  Ann.  chim.  1919  [ix],  12,  374. 

§  Ber.  1912,  45,  2396. 
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The  constitution  of  bornylene  follows  from  its  oxidation  to 
camphoric  acid  (XVIII),  the  camphoric  acid  being  opposite  in 
sign  of  rotation  to  that  of  the  bornylene  from  which  it  is 
prepared. 
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Confirmation  of  the  structure  assigned  to  bornylene  has  been 
supplied  by  the  work  of  Buchner  and  Weigand,*  who  have 
shown  that,  on  condensation  with  ethyl  diazoacetate,  it  yields 
a  tricyclic  ester  (XIX),  b.p.  135-138°/22  mm.  The  acid,  m.p. 
137°,  prepared  from  this  by  hydrolysis,  yields  cycloprojpane- 
1:2:  ^-tricarboxylic  acid  (XX)  on  oxidation. 
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Bornylene  is  a  crystalline  solid,  which  is  remarkably  volatile. 
The  following  constants  have  been  observed  for  the  pure  hydro- 
carbon prepared  from  cZ-camphor  by  Bredt's  method,  m.p.  113°, 
b.p.  146°,  [a]D  -  21-69°  (in  toluene  c  =  10-45),  whilst  Tschugaev 
and  Budrickf  found  the  following  values  for  ^-bornylene,  m.p. 
109-109-5°,  b.p.  146-5°/750  mm.,  [a]D  +  19-29°  (in  toluene 
c  =  12-75).  From  its  melting-point  it  is  doubtful  if  this  specimen 
was  quite  pure.  e£Z-Bornylene  does  not  appear  to  have  been 
described. 

Bornylene  can  be  most  readily  characterised  by  the  prepara- 
tion of  its  nitrosite,  m.p.  163°,  which  was  prepared  by  Henderson 
and  Heilbronf  by  the  action  of  nitrous  acid  on  the  hydrocarbon. 

By  the  catalytic  hydrogenation  of  bornylene  by  the  Sabatier- 
Senderens  process  using  a  nickel  catalyst  at  170-190°  Henderson 
and  Pollock  §  obtained  camphane. 

*  Ber.  1913,  46,  2108.  f  Annalen,  1912,  388,  288. 

%  J.C.8.  1911,  99,  1891.  §  Ibid.  1910,  97,  1621. 
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On  treatment  with  ozone  in  hexane  solution  Harries  and 
Haarmann*  found  bornylene  to  behave  normally,  yielding  an 
ozonide,  C10H16O3  (XXI),  which  decomposed  in  acid  solution  to 
give  a  dialdehyde,  b.p.  90-1 10°/ 16  mm.  This  dialdehyde  probably 
has  formula  (XXII),  but  its  characterisation  and  oxidation  to 
camphoric  acid  do  not  appear  to  have  been  attempted. 
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Although,  as  mentioned  above,  bornylene  can  be  purified  by 
oxidation  with  hydrogen  peroxide,  it  is  attacked  by  this  reagent 
in  acetic  acid  solution.  The  products  of  the  oxidation  have  been 
investigated  by  Henderson  and  Caw.f  They  found  the  acids 
formed  to  consist  of  camphenanic  and  ^socamphenanic  acids  and 
a  hydroxy  acid,  C8H12(OH) .  C02H.  The  constitution  of  the  former 
acid  is  discussed  on  p.  239,  whilst  the  constitution  of  the  hydroxy 
acid  has  not  been  determined.  From  amongst  the  neutral 
products  borneol,  e^'borneol  and  two  glycols,  C10H18O2,  m.p. 
247-248°  and  235-236°,  were  separated.  The  latter  were  not 
obtained  in  sufficient  quantity  for  their  constitution  to  be  deter- 
mined. 

Bornylene  was  found  by  Henderson  and  HeilbronJ  to  give, 
on  oxidation  with  chromyl  chloride,  an  additive  compound, 
C10H16,  2Cr02Cl2,  isomeric  with  that  obtained  by  the  action  of 
the  same  reagent  on  camphene  (p.  240).  By  decomposition  of 
this  with  water  a  number  of  substances  were  obtained,  the 
principal  product  being  camphenilanaldehyde  (XXIV),  which  it 
is  suggested  is  formed  by  a  molecular  rearrangement  of  the  oxide 
(XXIII).  In  addition  a  chloroketone,  C10H15OC1,  m.p.  165°,  semi- 
carbazone,  m.p.  234-235°,  was  obtained.  This  ketone  gives  on 
oxidation  camphoric  acid  and,  since  it  is  not  identical  with 
either  of  the  isomeric  a-  (or  a'-)chlorocamphors  (XXV),  it  is 
possibly  a  chloroe^camphor. 


*  Ber.  1913,  46,  2595. 
t  J.C.8.  1911,  99,  1891. 


f  J.C.S.  1913,  103,  1043. 
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Bornylene  is  readily  oxidised  by  nitric  acid  to  camphoric  acid, 
but  Henderson  and  Heilbron  found  that  if  a  dilute  solution  of 
the  mineral  acid  was  used  2  :  3-dinitrocamphane  (XXVI),  m.p. 
137°,  was  also  formed. 
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No  crystalline  derivatives  have  been  prepared  from  bornylene 
by  the  action  of  the  halogens.  By  the  action  of  hydrogen  chloride 
on  bornylene  Wagner  and  Brickner*  prepared  a  hydrochloride, 
bornylene  hydrochloride,  m.p.  138°.  This  hydrochloride  must  be 
3-chlorocamphane  (XXVII),  since  on  treatment  with  potassium 
hydroxide  at  140-150°  under  pressure  it  yields,  in  addition  to 
camphene,  isotricyclene  or  p-bornylene  (XXVIII),  m.p.  117°,  b.p. 
150-1 5 1°/753  mm.  This  hydrocarbon  has  been  prepared  by 
Bredt  and  Holzf  from  aminocamphor  and  from  camphorquinone- 
phenylhydrazone . 

According  to  AchmatowiczJ  bornylene  gives  camphane  de- 
rivatives having  the  halogen  atom  in  position  2  when  it  is  treated 
with  the  halogen  acids.  He  has  described  a  hydrochloride,  m.p. 
149-149-5°,  [a]D  -f  15-43°,  a  hydrobromide,  m.p.  124-125°,  and 
a  hydroiodide,  m.p.  22-25°.  These  are  stated  to  be  intermediate 
between  bornyl  and  isobornyl  halides  in  their  reactivity  and  to 

*  J.  Buss.  Phys.  Chem.  Soc.  1903,  35,  535. 

f  J.  pr.  Chem.  1917  [ii],  95,  133. 

J  Rocz.  Chem.  1926,  6,  804;  1928,  8,  55. 


270  CAMPHANE,  JSOCAMPHANE  pt.  I 

yield,  when  heated  with  water  at  100°,  tricyclene  (XXIX).  On 
reduction  with  zinc  dust  they  give  camphene  and  by  the  action 
of  silver  acetate  a  new  alcohol,  endoborneol,  m.p.  186°  (phenyl- 
urethane,  m.p.  138-139°).  This  alcohol  is  considered  to  be 
stereoisomeric  with  borneol  and  isoborneol  (XXX).  Adequate 
proof  of  the  structure  of  these  camphane  derivatives  is  not 
available  and  a  further  study  of  them  is  desirable. 
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By  the  action  of  hypochlorous  acid  on  bornylene  Henderson 
and  Mair*  have  prepared  a  bornylene  chlorohydrin,  m.p.  99-101°, 
together  with  a  chlorocamphane,  m.p.  71-73°.  The  latter,  which 
was  not  orientated,  evidently  owed  its  formation  to  the  presence 
of  hydrogen  chloride  in  the  hypochlorous  acid  used.  Assuming 
no  molecular  rearrangement  to  have  occurred,  the  chlorohydrin 
must  be  represented  by  either  (XXXI)  or  (XXXII),  and  the 
former  would  appear  to  be  the  more  probable,  since  on  reduction 
with  zinc  dust  borneol  is  obtained.  This  constitution  cannot, 
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 CH  — 
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CHC1 
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CH3 

•C  CHC1 

H3C .  C .  CH3 
 CH  CI 


(XXXI) 


(XXXII) 


however,  be  regarded  as  established,  since  on  oxidation  a  chloro- 
ketone  is  formed  identical  with  that  prepared  by  the  oxidation 
of  camphene  chlorohydrin.  As  mentioned  on  p.  252,  this  ketone 
agrees  most  closely  in  its  properties  with  /3-chlorocamphor  and 
further  work  is  therefore  necessary  before  the  constitution  of 
bornylene  chlorohydrin  can  be  regarded  as  proved.  When  it  is 
treated  with  alkali  it  gives  a  small  quantity  of  a  glycol,  m.p. 


*  J.C.S.  1923,  123,  1155. 
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103-105°,  possibly  a  stereoisomeride  of  camphor  glycol  (2  :  3- 
dihydroxycamphane),  which  melts  at  230-231°. 

On  hydration  by  the  Bertram-Walbaum  method,  bornylene 
gives  a  mixture  of  bornyl  and  ^obornyl  acetates,  but  the  reaction 
proceeds  much  more  slowly  than  in  the  case  of  camphene.  It 
may  be  mentioned  that  Wagner  and  Brickner,*  who  first  studied 
this  reaction,  considered  that  epihomeol  was  formed  (compare 
p.  426). 

APOBOBN  YLENE 


CH  CH 
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H3C .  C .  CH3 
 CH  


CH 

The  hydrocarbon,  a^obomylene  (II),  C9H14,  was  first  prepared 
by  Wagner  and  Lemischewskij  by  the  distillation  of  methyl 
camphenilylxanthate  (I),  and  its  constitution  was  proved  by  its 
oxidation  with  potassium  permanganate  to  cis-&ipocamphoric 
acid  (III),  m.p.  205-206°,  an  acid  which  has  been  prepared 
synthetically  by  Komppa.J  It  will  be  observed  that  the  con- 
version of  the  xanthate  into  the  hydrocarbon  involves  a  Wagner 
rearrangement. 
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Shortly  afterwards  Moycho  and  Zienkowski  §  showed  that  the 

*  Ber.  1903,  36,  4602. 

t  Beilstein,  Handbuch  der  Organischen  Chemie,  4th  ed.  5 


t  Annalen,  1909,  368,  126. 


123. 

§  Ibid.  1905,  340,  57. 
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dicliloride  (V),  which  could  be  prepared  by  the  action  of  phos- 
phorus pentachloride  on  camphenilone  (IV),  gave  on  reduction 
with  sodium  in  ethereal  solution  apobornjlene.  A  more  recent 
study  by  Komppa  and  Roschier*  of  these  methods  for  the  pre- 
paration of  apobornylene  have  shown  that  the  hydrocarbon  is 
not  homogeneous,  a  stable  saturated  tricyclic  hydrocarbon, 
apocyclene  (VI),  m.p.  42-5-43°,  b.p.  138-139°/764 mm.,  eZj.°°0-8710, 
Up  1-43144,  being  formed  simultaneously.  In  the  formation  of 
this  latter  hydrocarbon  ring  closure  occurs  without  any  molecular 
rearrangement.  Apocyclene  can  readily  be  obtained  pure  and 
free  from  apobornylene,  since  it  is  extremely  resistant  to  the 
action  of  oxidising  agents,  f  Its  constitution  has  been  proved  by 
its  hydration  to  fi-fenchocamphorol  (VII),  which  was  identified 
by  oxidation  to  /3-fenchocamphorone  (VIII)  and  &ipofencho- 
camphoric  acid  (IX),  m.p.  144-145°. % 
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H3C\  or 

\C  CH  CH 

HaC^  CH 


H9C  CH- 


CO 


H  (VIII) 

>C  CH.C02H 

^  A* 

-CH.C02H 
(IX) 


H2C- 


*  Annalen,  1922,  429,  175;  compare  Hintikka  and  Komppa,  ibid.  1912,  387,  293. 

t  Nametkin  and  Alexandrov  (Annalen,  1928, 467, 191 )  have  found  that  apocyclene 
can  be  most  conveniently  prepared  by  the  action  of  mercuric  oxide  on  camphenilone  - 
hydrazone  in  the  presence  of  alkali  (compare  Meerwein  and  van  Emster,  Ber.  1920, 
53,  1815). 

%  Compare  Nametkin  and  Alexandrov,  J.  Buss.  Phys.  Chem.  Soc.  1926,  57,  395; 
ibid.  1930,  62,  1335. 
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^pobornylene  melts  at  35-5-36°,  b.p.  136-137°/755  mm.,  and 
has  an  odour  resembling  that  of  camphene.  No  crystalline  der- 
ivatives have  been  prepared,  but  it  can  be  readily  identified  by 
oxidation  with  potassium  permanganate  to  cis-apoc amphoric 
acid.  On  oxidation  with  ozone  it  yields  a  dialdehyde,  but  this 
cannot  be  purified  and  is  rapidly  oxidised  by  the  air  to  a^ocam- 
phoric  acid. 

The  reduction  of  a^wbornylene  to  the  corresponding  saturated 
hydrocarbon  does  not  appear  to  have  been  carried  out. 

TRICYCLENE  (CYCLENE) 
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The  interesting  tricyclic  hydrocarbon,  C10H16,  known  as  tri- 
cyclene  or  cyclene,  was  first  prepared  by  Godlewski  and  Wagner* 
by  the  action  of  zinc  dust  on  pinene  dibromide  (2  :  6-dibromo- 
camphane)  (I)  in  alcoholic  solution.  It  was  shown  subsequently 
by  Wagner,  Moycho  and  Zienkowskif  to  be  present  in  camphene 
prepared  by  the  dehydration  of  i'soborneol.  It  can  be  readily 
separated  from  the  unsaturated  hydrocarbon  by  oxidation  of  the 
latter  with  potassium  permanganate,  since  it  is  not  attacked  by 
this  reagent  even  on  long  boiling.  It  had  been  suggested  by 
Semmler  J  that  pinene  dibromide  was  the  camphane  derivative 
(I),  and  in  1902  §  he  assigned  to  tricyclene  the  structure  (II), 
which  has  been  confirmed  by  later  investigations. 
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*  J.  Buss.  Phys.  Chem.  Soc.  1897,  29,  121. 

t  Ber.  1904,  37,  1035;  Annalen,  1905,  340,  24. 

%  Ber.  1900,  33,  3423.  §  Ibid.  1902,  35,  1019. 
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Since  the  pioneering  investigations  of  Wagner  and  his  colla- 
borators, tricyclene  has  been  obtained  by  a  number  of  reactions, 
but  undoubtedly  the  most  convenient  for  its  preparation  is  that 
devised  by  Meerwein  and  van  Emster,*  who  have  shown  that  it 
results  in  excellent  yield  when  camphorhydrazone  (III)  is 
treated  with  yellow  mercuric  oxide  in  alkaline  solution.  They 
formulate  the  reaction  as  proceeding  in  accordance  with  the 
following  scheme : 


C:N.NH2 


CH3 

H>C  C— 


H26 


H3C .  C .  CH3 
 CH  


CrN.NEVHgOH 
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CH3 
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Tricyclene  can  be  prepared  also  from  tricyclenic  acid  (V), 
which  Bredt  and  Mayf  showed  was  formed  when  Jagelki'st 
"camphenilic  nitrite"  was  treated  with  concentrated  sulphuric 
acid.  The  mechanism  of  this  reaction  has  been  studied  by  Lipp,§ 
who,  as  mentioned  on  p.  254,  has  shown  camphenilic  nitrite  to 
be  a)-nitrocamphene  (IV).  He  has  suggested  that  the  conversion 
into  tricyclenic  acid  takes  place  in  the  manner  outlined  on  p.  275. 

Although  it  was  not  found  possible  to  separate  any  of  the 
intermediate  products  postulated  in  the  scheme,  Lipp  showed 
that  a  similar  series  of  reactions  occurred  with  hydrobromic 
acid,  and  in  this  case  the  intermediate  bromide  (VI)  was  iso- 
lated and  its  constitution  determined  by  conversion  into  the 
nitrile  (VII),  m.p.  171-172°,  which  gave  on  hydrolysis  the  acid 
(VIII),  m.p.  221-222°. 


*  Ber.  1920,  53,  1815. 
%  Ber.  1899,  32,  498. 


t  Chem.  Ztg.  1909,  p.  1265. 

§  Annalen,  1913,  399,  241;  1914,  402,  343. 
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The  elimination  of  carbon  dioxide  from  tricyclenic  acid  with 
the  formation  of  tricyclene  has  been  successfully  carried  out  by 
Lipp*  and  by  Komppa.f  In  his  first  experiments  Lipp  reduced 
the  nitrile  of  tricyclenic  acid  (IX)  to  the  corresponding  base, 
oj-aminocyclene  (X),  b.p.  100-101°/27  mm.,  but,  on  attempting 
to  convert  this  into  the  alcohol  by  the  action  of  nitrous  acid, 
molecular  rearrangement  occurred  with  the  formation  of 
camphenilanaldehyde  (XI). 

A  second  method  was  more  successful.  By  the  reduction  of 
ethyl  tricyclenate  (XII)  the  alcohol,  tricyclol  (XIII),  m.p.  111- 

*  Ber.  1920,  53,  769.  f  Ibid.  1929,  62,  1366. 
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112°,  was  obtained,  which  on  oxidation  with  chromic  acid  gave 
the  aldehyde,  tricyclal  (XIV),  m.p.  85-90°,  semicarbazone,  m.p. 
219-220°.  From  this,  by  Wolff's  reaction,  the  hydrocarbon  was 
prepared. 
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Komppa  adopted  a  somewhat  similar  method,  but,  in  place  of 
oxidising  the  alcohol  to  the  aldehyde,  he  converted  it  by  the 
action  of  phosphorus  trichloride  into  the  chloride,  aj-clilorotri- 
cyclene  (XV),  which  on  reduction  with  sodium  and  alcohol  gave 
the  hydrocarbon. 
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Of  great  interest  is  the  observation  of  Ruzicka  and  Liebl*  that 
teresantalic  acid  (XVI)  can  be  converted  into  tricyclene.  The 
ester  of  this  acid  on  reduction  gives  the  alcohol  (XVII),  m.p. 
114°,  which  is  oxidised  by  chromic  acid  to  the  aldehyde  (XVIII), 
semicarbazone,  m.p.  217°.  From  this  semicarbazone  by  Wolff's 
reaction  tricyclene  was  obtained. 
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Tricyclene,  which  is  very  volatile,  melts  at  67-5-68°,  b.p. 
153°/761mm.,  d6f  0-8440,  n™'9"  l-44055.f  The  heat  of  com- 
bustion has  been  found  by  Roth  and  OstlingJ  to  be  practically 
identical  with  that  of  camphene,  1469-1  Kg.  cals. 

On  reduction  by  the  Sabatier-Senderens  process  with  a  nickel 
catalyst  at  180-200°,  tricyclene  passes  smoothly  into  isocam- 
phane  (XX),  the  reaction  proceeding  evidently  with  the  inter- 
mediate formation  of  camphene  (XIX),  since  this  hydrocarbon 
is  obtained  if  tricyclene  is  passed  over  the  same  catalyst  in  a 
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*  Helv.  Chim.  Acta,  1926,  9,  140. 
t  Ber.  1913,  46,  312. 


(XX) 

f  Ostling,  J.C.S.  1912, 101,  472. 
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current  of  nitrogen.*  According  to  Zelinski  and  Lewinaf  by- 
passage  over  platinum  black  at  155-160°  tricyclene  yields  cam- 
pliane  (XXI),  ring  fission  occurring  in  the  alternative  manner. 

In  view  of  the  older  theories  that  tricyclene  was  an  inter- 
mediate stage  in  the  Wagner  rearrangement  (p.  134),  the  action 
of  the  halogens  and  the  halogen  acids  on  the  hydrocarbon  is  of 
considerable  interest.  Meerwein  and  van  EmsterJ  prepared  by 
the  action  of  bromine  a  liquid  dibromide,  which  was  not  identical 
with  either  bornyl  dibromide  or  camphene  dibromide,  and  they 
therefore  consider  that  it  is  probably  a  true  dibromotricyclene. 
A  crystalline  chlorotricyclene  (XXIII),  m.p.  134-135°,  b.p.  194- 
195°,  was  obtained  by  Meerwein  and  Wortmann§  by  the  action 
of  potassium  acetate  on  ^-camphor  dichloride  (2  :  10-dichloro- 
camphane)  ||  (XXII)  in  phenol  solution.  The  chloride  so  obtained 
is  not  homogeneous,  being  mixed  with  fi-chlorocamphene 
(XXIV),  since,  on  reduction  with  sodium  and  alcohol,  it  yields 
a  mixture  of  tricyclene  and  camphene.  It  is  not  possible  to 
separate  these  two  chlorides  by  fractional  crystallisation,  but  on 
ozonolysis  the  chlorocamphene  is  oxidised,  the  chlorotricyclene 
not  being  attacked. 
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By  the  action  of  hydrogen  chloride  on  an  ethereal  solution  of 
tricyclene  camphene  hydrochloride  (XXV)  is  obtained,  whilst  on 
hydration  it  gives  a  mixture  of  borneol  and  isobomeol  (XXVI). 
This  reaction  is,  however,  very  slow  and  its  bearing  on  the 
mechanism  of  the  Wagner  rearrangement  is  discussed  elsewhere 
(p.  135). 

*  Meerwein  and  van  Emster,  Ber.  1920,  53,  1815. 

t  Annalen,  1929,  476,  63.  %  Ber.  1920,  53,  1815. 

§  Annalen,  1923,  435,  205. 

||  The  structural  isomeride,  pinene  dichloride  (bornyl  dichloride),  m.p.  173-174°, 
has  been  shown  by  Aschan  {Ber.  1928,  61,  42)  to  yield  tricyclene  on  digestion  with 
sodium.  This  is  not  remarkable  since,  as  is  pointed  out  on  p.  322,  there  is  a  very 
close  relationship  between  the  6  and  10  positions  in  the  camphane  ring. 
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Nametkin  and  Zabrodin*  have  shown  that  tricyclene,  on 
treatment  with  dilute  nitric  acid  at  125-130°,  yields  a-nitro- 
camphene  (XXVII)  (see  p.  256). 
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BORN  YL  AND  ISOBORNYL  CHLORIDES 
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The  early  investigations  resulting  in  the  preparation  of  bornyl 
chloride  (artificial  camphor,  pinene  hydrochloride)  have  been 
described  already  on  p.  142,  but  it  is  desirable  to  consider  here 
the  evidence  upon  which  the  constitution  of  this  substance  is 
based  and  also  to  discuss  some  of  its  more  important  reactions. 

Although  it  was  recognised  by  Berthelot,  that  "artificial 
camphor "  was  not  a  true  derivative  of  pinene,  its  constitution 
and  the  nature  of  its  relationship  to  bornyl  chloride  and  iso- 
bornyl  chloride  (the  so-called  camphene  hydrochloride)  was  not 
determined  until  much  later.  In  1899  Wagner  and  Brickner| 
showed  "artificial  camphor"  to  be  identical  with  bornyl  chloride 
(prepared  from  borneol),  and  that  it  was  therefore  a  derivative 


*  AnnaUn,  1925,  441,  181. 


t  Ber.  1899,  32,  2302. 
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of  this  alcohol  (I),  in  which  the  hydroxyl  group  had  been  replaced 
by  halogen.  It  followed  therefore  that  it  had  formula  (II), 
isobornyl  chloride  (IV)  being  related  in  a  similar  manner  to 
^soborneol  (III).* 
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Although  bornyl  chloride  was  very  resistant  to  oxidising 
agents,  direct  experimental  proof  of  the  correctness  of  Wagner 
and  Brickner's  view  was  already  available.  In  1896  Armstrong^ 
had  shown  that,  when  bornyl  chloride  was  oxidised  with  con- 
centrated nitric  acid  at  20°,  Jcetopinic  acid  (V)  (see  p.  245)  was 
obtained,  whilst  Gardner  and  Cockburn{  by  the  action  of  dilute 
nitric  acid  prepared  camphoric  acid  (VI)  and  s^ocamphoric  acid 
(VII),  the  latter  acid  obviously  being  derived  from  either  cam- 
phene  or  camphene  hydrochloride. 
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*  At  the  time  the  stereochemical  relationship  of  borneol  to  isoborneol  was  not 
recognised  and  Wagner  considered  isoborneol  to  be  a  derivative  of  camphene  (see 
p.  292). 

f  J.C.S.  1896,  69,  1397.  %  Ibid.  1898,  7B,  278. 
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The  formation  of  these  acids  by  the  degradation  of  bornyl 
chloride  left  little  doubt  that  it  contained  the  camphane 
skeleton  and  this  was  confirmed  by  its  reduction  with  sodium  to 
the  saturated  hydrocarbon.*  The  position  of  the  chlorine  atom 
was  proved  by  its  preparation  from  borneol  (see  below). 

Bornyl  chloride  crystallises  in  leaflets,  m.p.  132°,  b.p. 
207-208°.  It  has  an  odour  resembling  that  of  camphor  and  it  is 
very  volatile  at  the  ordinary  temperature.  When  prepared  from 
optically  active  sources  it  is  optically  active,  and  it  has  the  same 
sign  as  the  hydrocarbon  (or  alcohol)  from  which  it  is  prepared. 
The  highest  recorded  rotations  would  appear  to  be  the  follow- 
ing: [a]D+  33-52°  (in  alcohol  c=  1),  [a]D- 33-24°  (in  alcohol 
c=  l).f 

Bornyl  chloride  can  be  prepared  most  conveniently  by  treating 
a-pinene,  dissolved  in  chloroform,  with  hydrogen  chloride  at  0°. 
Its  formation  has  also  been  observed  in  a  number  of  other 
reactions.  Berthelotf  obtained  it  by  the  action  of  hydrogen 
chloride  on  borneol  in  a  sealed  tube  at  100°,  whilst  Wagner  and 
Brickner§  separated  it  in  a  small  yield  from  amongst  the  pro- 
ducts of  the  action  of  phosphorus  pentachloride  on  this  alcohol, 
the  main  product  of  the  reaction  being,  however,  isobomyl 
chloride.  Kondakov  and  Schindelmeiser  ||  prepared  it  by  the 
action  of  hydrogen  chloride  on  bornyl  acetate  in  acetic  acid 
solution. 

As  was  mentioned  above  on  reduction  bornyl  chloride  yields 
camphene,  whilst  on  treatment  with  chlorine  it  gives  highly 
halogenated  camphanes  which  have  not  been  orientated. H 

Apart  from  its  tendency  to  tautomerise  to  isobomyl  chloride 
(see  below),  bornyl  chloride  is  extremely  stable.  Two  reactions 
which  it  undergoes  are  of  great  importance  and  have  been  very 
thoroughly  investigated.  By  the  elimination  of  hydrogen 
chloride,  as  was  first  observed  by  Berthelot  (see  p.  90),  it  gives 
camphene,  whilst  the  replacement  of  the  halogen  atom  by  a 
hydroxyl  group  yields  ^oborneol.   Since  both  camphene  and 

*  Semmler,  Ber.  1900,  33,  774. 

f  Thurber  and  Thielke,  J.  Amer.  Chem.  Soc.  1931,  53,  1032. 
t  Ann.  chim.  1859  [iii],  56,  92. 

§  Ber.  1899,  32,  2302;  compare  Kachler,  Annalen,  1872,  164,  77;  Wallach,  ibid. 
1885,  230,  231.  ||  J.  pr.  Chem.  1907  [ii],  75,  533. 

II  Frankforter  and  Frary,  J.  Amer.  Chem.  Soc.  1906,  28,  1464. 
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isoborneol  are  utilised  in  the  manufacture  of  camphor,  these 
reactions  are  of  technical  importance  and  have  formed  the  sub- 
ject of  numerous  patents.  The  elimination  of  hydrogen  chloride 
can  be  effected  by  the  action  of  bases,  sodium  hydroxide  in 
the  presence  of  catalysts,  quinoline,  higher  pyridine  bases,  the 
naphthylamines,  whilst  for  the  preparation  of  ^soborneol  or 
isobomjl  esters,  the  salts  of  various  fatty  acids  have  been  em- 
ployed. Full  references  will  be  found  in  the  technical  literature. 

Interesting  results  have  accrued  from  a  study  of  the  action  of 
magnesium  on  bornyl  chloride.  This  reaction  was  first  investi- 
gated by  Hesse,*  who  showed  that  the  compound,  which  was 
formed  by  the  action  of  magnesium  on  bornyl  chloride  in  the 
presence  of  ether,  was  decomposed  by  water  giving  camphane, 
whilst,  if  it  was  subjected  to  the  action  of  oxygen  prior  to  de- 
composition, borneol  resulted.  The  action  of  carbon  dioxide  on 
the  magnesium  bornyl  chloride  complex  has  been  very  carefully 
studied  by  Houben  and  his  collaborators. f  The  reaction  proceeds 
normally  with  the  formation  of  camphane-2-carboxylic  acid 
(VIII),  m.p.  78°,  [a]D  -  18-26°.  This  acid  isomerises,  when 
heated  or  when  warmed  with  alkalis,  giving  an  acid,  m.p. 
93-94°,  the  two  acids  being  cis-trans-isomerides.%  When  the 
acid  chloride  of  this  acid  is  treated  with  chlorine  2-chlorocam- 
phane-2-carboxylic  acid  (IX),  m.p.  118-119°,  is  obtained,  which 
by  the  action  of  alkalis  loses  hydrogen  chloride  with  the  forma- 
tion of  camphenecarboxylic  acid  (X),  m.p.  109-110°.  The  con- 
stitution of  this  acid  is  proved  by  its  oxidation  to  the  campheni- 
lone  carboxylic  acid  (XI),  m.p.  134°,  which  had  been  prepared 
previously  by  Aschan§  from  camphenic  acid  (see  p.  244). 

When  the  acid  (X)  is  warmed  with  either  acetic  or  formic  acids 
in  the  presence  of  zinc  chloride,  it  undergoes  a  second  Wagner 
rearrangement  with  the  formation  of  6-hydroxycamphane-2- 
carboxylic  acid  (XII),  m.p.  216-220°.  The  constitution  of  this 
acid  was  proved  by  its  oxidation  to  the  Jcetonic  acid,  camphan-6- 
one-2-carboxylic  acid  (XIII),  m.p.  215°,  which  on  fusion  with 

*  Ber.  1906,  39,  1132,  1151. 

t  Houben,  Ber.  1905,  38,  3799;  1906,  39,  1701;  Houben  and  Willfroth,  ibid.  1913, 
46,  2283,  2530;  Houben  and  Pfankuch,  ibid.  1926,  59,  956,  2285;  compare  Zelinski, 
ibid.  1902,  35,  4418. 

%  Barbier  and  Grignard,  Bull.  Soc.  chim.  1914  [iv],  15,  26. 

§  Annalen,  1911,  383,  58;  1915,  410,  240. 
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potassium  hydroxide  gave  the  dibasic  acid,  carboxycampholic 
acid  (XIV),  m.p.  197-198°.  Confirmation  of  the  structure  of  the 
ketonic  acid  was  obtained  by  its  conversion,  through  its  iso- 
nitroso-derivative,  into  the  diketone,  camphane-5 :  6-dione-2- 
carboxylic  acid  (XV),  m.p.  234-235°. 
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It  is  interesting  to  note  that  the  hydroxy  acid  (XII)  on  de- 
hydration does  not  yield  the  parent  acid  (X),  but  an  isomeric 
camphenecarboxylic  acid,  m.p.  159-160°,  which  is  probably 
represented  by  formula  (XVI).  This  acid  on  hydration  gives 
back  the  parent  hydroxy  acid  (XII),  but  on  treatment  with 
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hydrogen  chloride  yields  6-chlorocamphane-2-carboxylic  acid 
(XVII),  m.p.  140-142°,  and  it  can  be  regenerated  from  this  by 
elimination  of  hydrogen  chloride.  On  reduction  the  camphene- 
carboxylic  acid  (XVI)  yields  isocamphanecarboxylic  acid  (XVIII), 
m.p.  170°.  It  will  be  observed,  that  in  these  reactions  a  shift  in 
the  position  of  the  carboxyl  group  occurs. 

C:CH, 
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By  the  action  of  formanilide  on  magnesium  bornyl  chloride 
Houben  and  Doescher*  prepared  camphane-2-aldehyde  (XIX), 
m.p.  131°,  which  gives  on  oxidation  camphane-2-carboxylic  acid 
(XX). 
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(XIX)  (XX) 

The  action  of  ethyl  formate  on  magnesium  bornyl  chloride 
has  been  investigated  by  Boussot  and  Vaugin.f 

isoBornyl  chloride,  which  was  formerly  known  as  camphene 
hydrochloride,  was  first  prepared  by  Berthelotf  by  the  action  of 
hydrogen  chloride  on  camphene  in  alcoholic  solution.  He  showed 
further,  that  it  could  readily  be  reconverted  into  camphene.  The 
formation  of  this  hydrochloride,  m.p.  147°,  from  camphene 

*  Ber.  1910,  43,  3435. 

t  Bull.  Soc.  chim.  1930  [iv],  47,  986. 

$  Annalen,  1859,  110,  367;  Compt.  rend.  1862,  55,  497. 
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was  confirmed  by  Riban,*  who  observed  that  Z-camphene 
([a]D  —  51-04°)  gave  d-isobomyl  chloride,  [a]D  +  30-25°,  from 
which,  by  the  elimination  of  hydrogen  chloride,  Z-camphene, 
[a]D  —  8-5°,  was  obtained.  The  same  chloride  was  prepared  by 
Kachlerf  by  the  action  of  phosphorus  pentachloride  on  borneol, 
whilst  Jiinger  and  KlagesJ  and  Reychler§  described  its  prepara- 
tion by  the  action  of  this  reagent  on  ^oborneol.  The  identity  of 
the  chloride  prepared  by  these  various  methods  was  not  however 
fully  recognised,  and  this,  together  with  the  problem  of  the  rela- 
tionship of  bornyl  and  ^obornyl  chlorides,  gave  rise  to  a  con- 
siderable controversy,  into  which  it  is  unnecessary  to  enter  here. 
There  can  be  no  doubt  that  these  two  chlorides  are  related  to  one 
another  in  exactly  the  same  manner  as  borneol  and  isoborneol, 
being  cis-trans-isomerides,  although  this  view  does  not  appear  to 
be  shared  by  Aschan.  ||  Final  proof  that  isohomyl  chloride  was 
not  camphene  hydrochloride  was  provided  by  the  preparation 
of  this  substance  by  Aschan  (see  p.  250).  On  reduction  with 
sodium,  isobornyl chloride,  like  bornyl  chloride,  yields  camphane,H 
and  in  its  general  chemical  behaviour  it  resembles  this  chloride, 
although  there  are  considerable  differences  in  the  facility  with 
which  the  reactions  proceed.  Differences  of  exactly  the  same 
kind  are  observed  in  the  case  of  borneol  and  ^oborneol  and  are 
doubtless  due  to  their  spatial  configurations.  ^oBornyl  chloride 
is  much  less  stable  than  bornyl  chloride  and,  on  boiling  with 
water,  elimination  of  hydrogen  chloride  with  formation  of  cam- 
phene occurs.  This  hydrocarbon  is  obtained  also  by  the  action  of 
alkalis ;  in  this  connection  it  is,  however,  of  particular  interest 
to  note  that  by  the  action  of  milk  of  lime  at  50-60°  Aschan** 
obtained  camphene  hydrate  (see  p.  258).  When  isohomyl 
chloride  is  heated  with  acetic  acid  it  yields  isohomyl  acetate. 

The  relationship  of  bornyl  chloride  (II),  ^obornyl  chloride  (IV) 
and  camphene  hydrochloride  (XXI)  to  one  another  has  formed 
the  subject  of  two  important  papers  by  Meerwein  and  van 
Emster,tt  to  which  reference  has  been  made  already.  By  a  series 
of  well-conceived  kinetic  experiments,  they  have  shown  that 

*  Ann.  chim.  1875  [v],  6,  363.  f  Annalen,  1879, 197,  93. 

t  Ber.  1896,  29,  544.  §  Ibid.  697. 

||  Naphtenverbindungen,  Terpene  und  Campherarten,  p.  180. 

1  Semmler,  Ber.  1900,  33,  3429.  **  Ber.  1908,  41,  1092. 

tf  Ibid.  1920,  53,  1821;  1922,  55,  2506. 
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these  three  chlorides  are  true  tautomerides.  As  typical  examples 
illustrating  the  tautomerism  of  ^obornyl  chloride  and  camphene 
hydrochloride  the  following  may  be  quoted :  (i)  camphene  hydro- 
chloride (XXI)  gives  with  water  camphene  hydrate  (XXII), 
whilst  by  the  action  of  methyl  alcohol  ^obornyl  methyl  ether 
(XXIII)  is  obtained;  (ii)  isohomjl  chloride  (IV)  gives  with 
silver  acetate  isobomyl  acetate  (XXIV),  with  milk  of  lime 
camphene  hydrate  (XXII). 


Cl.C.CHg 


CH  CHa 

(XXIV) 


(XXIII) 


(XXII) 


The  rate  of  conversion  of  camphene  hydrochloride  into  iso- 
bornyl  chloride  can  be  followed  quantitatively  by  taking  ad- 
vantage of  the  property  referred  to  already  on  p.  251,  that  the 
former  titrates  in  solution  like  free  hydrochloric  acid.  As  has 
been  observed  in  other  cases  of  tautomerism,  the  velocity  of  the 
change  is  dependent  upon  the  nature  of  the  solvent,  and  this 
effect  is  very  noticeable  in  the  reaction  camphene  hydrochloride 
->  ^sobornyl  chloride.  In  ethereal  solution  camphene  hydro- 
chloride is  remarkably  stable,  whilst  in  nitromethane  at  20° 
50  per  cent,  is  converted  into  ^obornyl  chloride  in  1 J  hours.  The 
reaction  is  monomolecular  and  the  velocity  is  related  directly  to 
the  dielectric  constant  of  the  solvent,  increasing  as  this  increases. 
A  marked  influence  is  exerted  also  by  catalysts,  the  velocity 
being  enormously  increased  by  the  addition  of  stannous  chloride. 
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As  is  the  case  with  any  true  tautomeric  change,  the  reaction  is 
never  complete  and  is  reversible. 

A  similar  tautomerism  exists  also  between  bornyl  chloride  and 
^sobornyl  chloride,  but  in  this  case  the  change  is  more  difficult 
to  follow.  Meerwein  and  van  Emster  observed  however  that,  if 
^obornyl  chloride  is  dissolved  in  chlorobenzene  containing  some 
stannous  chloride  and  the  solution  maintained  at  100°  for 
20  hours,  an  equilibrium  mixture  was  obtained  containing 
approximately,  ^obornyl  chloride  15-1  per  cent.,  camphene 
hydrochloride  3-8  per  cent,  and  bornyl  chloride  74-1  per  cent. 
The  reaction  was  monomolecular.  Meerwein  and  Monfort*  con- 
sider the  ionic  nature  of  this  and  similar  reactions  to  be  the  cause 
of  the  racemisation,  either  partial  or  complete,  which  occurs  in 
reactions  such  as  Z-camphene  ->■  d-isohomjl  chloride  ->  Z-cam- 
phene. 

In  view  of  its  tautomeric  nature,  it  is  not  surprising  that  the 
melting-point  recorded  for  ^sobornyl  chloride  shows  very  marked 
variations  (from  146-165°).  Meerwein  and  van  Emster  state  that 
the  pure  chloride  melts  at  161-5°.  The  more  important  reactions 
of  the  chloride  have  been  discussed  already. 

Corresponding  to  bornyl  chloride  and  ^obornyl  chloride  the 
bromides  and  iodides  have  been  prepared.  Bornyl  bromide  melts 
at  92°  and  resembles  bornyl  chloride  very  closely  in  its  pro- 
perties^ whilst  isobornyl  bromide  melts  at  133°.  J  According  to 
Aschan,§  bornyl  iodide  is  best  prepared  by  the  addition  of  bornyl 
chloride  to  an  ethereal  solution  of  magnesium  iodide.  It  melts 
at  -  3°  to  -  5°,  b.p.  99-100°/6  mm.,  d2f  1-4553,  [a]D  +  16-02°. 
The  preparation  of  isobornyl  iodide  has  been  described  by 
Wagner  and  Brickner||  and  by  other  investigators,  but  the 
homogeneity  of  the  iodide  would  appear  doubtful. 

*  Annalen,  1923,  435,  207. 

t  Wallach,  Annalen,  1887,  239,  7. 

%  Semmler,  Ber.  1900,  33,  3428. 

§  Ber.  1912,  45,  2395. 

||  Ibid.  1899,  32,  2320. 
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The  secondary  alcohol,  borneol,  C10H18O,  occurs  somewhat  widely 
distributed  in  nature  both  in  the  free  state  and  in  the  form  of 
its  esters.  eZ-Borneol,  ''Borneocamphor forms  the  main  con- 
stituent of  the  oil  from  Dryobalanops  aromatica  Gaertn.,  whilst 
Z-borneol, ' '  Ngai-camphor  occurs  in  that  obtained  from  Blumea 
balsamifera.  dZ-Borneol  is  also  found  in  a  number  of  other  oils.* 
Owing  to  its  being  a  crystalline  solid,  borneol  is  one  of  the 
constituents  of  essential  oils  which  has  been  longest  known, 
but  in  the  early  literature  it  is  not  infrequently  confused  with 
camphor.  The  first  scientific  investigation  was  due  apparently  to 
Pelouzef  who  examined  the  oil  of  Dryobalanops  aromatica  and 
showed  the  "camphor",  which  it  contained,  to  have  the  com- 
position C10H18O,  melting  at  198°  and  boiling  at  212°.  Biotf 
observed  that  it  was  dextrorotatory  in  alcoholic  solution.  By 
the  action  of  phosphorus  pentoxide  Pelouze  obtained  a  hydro- 
carbon, C10H16 ,  and  by  oxidation  a  substance  which  had  all  the 
properties  of  the  camphor  derived  from  Cinnamomum  C amphora. 
Simultaneously,  the  "camphor"  prepared  from  oil  of  valerian 
(Valeriana  officinalis  L.)  was  under  investigation^  and  was  con- 
sidered by  Gerhardt  to  be  identical  with  borneocamphor.  He 
introduced  the  name  borneol,  and  he  made  the  important  sug- 
gestion, that  camphor  and  borneol  were  related  to  one  another 
as  aldehyde  and  alcohol.  Proof  that  borneol  was  an  alcohol  was 
first  supplied  by  the  work  of  Berthelot,||  who  prepared  bornyl 
esters  by  its  interaction  with  stearic  and  benzoic  acids.  At  the 
same  time  Berthelot  found  that  borneol  could  be  prepared  from 

*  Compare  Gildemeister  and  Hoffmann,  Die  Atherischen  Ole,  3rd  ed.  I,  475. 
f  Compt.  rend.  1840,  11,  365;  Annalen,  1841,  40,  326. 
%  Compt.  rend.  1840,  11,  374. 

§  Gerhardt  and  Cahours,  Annalen,  1841,  38,  69;  Gerhardt,  ibid.  1843,  45,  29. 
|J  Ann.  chim.  1859  [iii],  56,  51. 
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camphor  by  the  action  of  an  alcoholic  solution  of  potassium 
hydroxide,  when,  in  addition  to  borneol,  a  second  alcohol  of  the 
same  composition,  but  with  a  different  rotatory  power,  was 
formed.  For  the  synthetic  borneol  Berthelot  introduced  the  name 
"camphol"  and  in  collaboration  with  Buignet*  he  described 
another  "  camphol ",  which  they  prepared  by  the  action  of  alkali 
on  amber  resin.  This  differed  from  borneocamphor  and  camphol 
in  having  a  very  low  rotatory  power.  Berthelot  observed 
further  that  camphol  gave  on  treatment  with  hydrogen  chloride 
a  hydrochloride  resembling  closely  in  its  properties  "artificial 
camphor".  A  more  convenient  method  for  the  reduction  of 
camphor  to  borneol  was  devised  by  Baubigny,f  who  treated  the 
ketone  with  sodium  in  toluene  solution.  After  solution  of  the 
sodium,  the  mixture  was  saturated  with  carbon  dioxide  and 
water  added,  when  borneol  separated,  the  camphorcarboxylic 
acid,  which  was  formed  simultaneously,  remaining  in  solution. 
Baubigny  observed,  however,  that  the  d-borneol  prepared  in  this 
manner  was  not  homogeneous,  a  second  alcohol,  which  was 
laevorotatory,  being  also  formed.  A  more  detailed  study  of 
these  two  reactions  was  made  by  Kachler.J  He  concluded  that 
Baubigny's  reaction  proceeded  in  the  following  stages ;  borneol 

2C10H16O         +  2Na   >  C10H15ONa       +  C10H17ONa 

(camphor)  (Sodium  deriv.  (Sodium  deriv. 

of  camphor)  of  borneol) 

C10H17ONa      +  C02   >  C10H17ONa,  C02 

C10H17ONaCO2  +  H20   ►  C10H17OH        +  NaHC03 

being  a  saturated  secondary  alcohol  and  camphor  the  corre- 
sponding ketone.  He  prepared  by  the  action  of  hydrogen 
chloride  and  phosphorus  pentachloride  a  chloride,  m.p.  157°,  and 
by  the  action  of  phosphorus  pentoxide  a  hydrocarbon,  "bor- 
neene".  Some  years  later  Kachler  and  Spitzer§  showed  that 
this  chloride  when  treated  with  alkalies  gave  camphene,  whilst 
by  the  action  of  silver  acetate  bornyl  acetate  was  obtained.  The 
action  of  sodium  on  both  d-  and  Z-camphors  was  studied  by 
Montgolfier.||   He  succeeded  in  preparing  from  d-camphor  a 

*  Compt.  rend.  1860,  50,  606;  Annalen,  1860, 115,  244. 

t  Ann.  chim.  1870  [iv],  19,  221. 

$  Annalen,  1872, 162,  259;  1873,  169,  168. 

§  Ibid.  1879,  197,  86;  200,  340. 

||  Compt.  rend.  1876,  83,  341;  1879,  89,  101;  These  Paris,  1879. 
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dextrorotatory  and  laevorotatory  alcohol  and  from  Z-camphor  a 
laevorotatory  and  dextrorotatory  alcohol.  The  laevorotatory 
alcohol  from  eZ-camphor  and  the  dextrorotatory  alcohol  from 
/-camphor  were  not  stable  and  the  former  was  converted,  either 
by  the  action  of  heat  or  by  warming  with  organic  acids  (stearic, 
acetic,  benzoic  acids),  into  the  stable  dextrorotatory  alcohol. 
This  stable  alcohol,  camphol  stable,  was  identical  with  natural 
borneocamphor.  The  two  less  stable  alcohols  were  designated 
camphols  instables  and  are  now  known  to  be  the  d-  and  /-modifi- 
cations of  ^oborneol. 

Since  the  formation  of  borneol  and  ^oborneol  by  the  action  of 
sodium  on  camphor  is  accompanied  by  that  of  camphorcarboxylic 
acid,  the  yield  is  poor  and  a  great  advance  was  made  by  the 
discovery  of  Jackson  and  Menke,*  that  camphor  could  be  re- 
duced to  borneol  by  sodium  in  alcoholic  solution.  Although  this 
method  of  preparation  was  criticised  by  Kachler  and  Spitzer,t 
who  stated  that  the  borneol  prepared  by  this  method  was  always 
contaminated  with  camphor,  the  later  experiments  of  Immen- 
dorf,J  Jackson§  and  Wallach||  fully  substantiated  the  original 
claims  of  Jackson  and  Menke. 

Before  proceeding  to  consider  the  experiments  of  Haller  on 
the  relationship  of  borneol  and  ^oborneol  to  one  another, 
reference  must  be  made  to  the  fundamental  observation  of 
Bouchardat  and  Lafont,1[  who  found  that,  when  oil  of  turpentine 
was  heated  at  100°  with  acetic  acid,  an  optically  inactive 
borneol,  m.p.  185-5-190°,  was  obtained.  These  authors  then 
proceeded  to  investigate  in  great  detail  the  conditions  governing 
the  hydration  of  pinene  and  they**  showed  that  both  the 
optically  active  modifications  of  borneol  and  ^oborneol  could 
be  prepared,  their  sign  depending  upon  that  of  the  hydrocarbon 
used  in  their  preparation. 

Three  methods  were  available  therefore  for  the  preparation  of 
borneol  and  ^oborneol :  (i)  the  reduction  of  camphor  by  sodium 
in  a  neutral  solvent,  (ii)  the  reduction  of  camphor  by  sodium  in 

*  Amer.  Chem.  J.  1884,  5,  270.  f  Monatsh.  1884,  5,  50. 

%  Ber.  1884,  17,  1036.  §  Amer.  Chem.  J.  1884,  6,  404. 

||  Annalen,  1885,  230,  223. 
II  Compt.  rend.  1886, 102,  171;  1887,  105,  1177. 
**  Ibid.  1887,  104,  1717;  Bull.  Soc.  chim.  1887  [ii],  48,  781;  Ann.  chim.  1887  [vi], 
9,  509;  1888  [vi],  15,  145;  1889  [vi],  16,  236. 
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alcoholic  solution  and  (iii)  the  hydration  of  pinene  and  camphene. 
Although  it  was  known  that  Montgolfier's  camphols  stables 
and  instables  both  gave  camphor  on  oxidation,  the  structural 
relationship  of  the  two  alcohols  was  not  at  all  clear  and  the 
properties  of  ^oborneol  had  not  been  studied  in  any  detail.  The 
elaborate  investigations  of  Haller,  which  extended  over  some 
six  years,  and  which  are  summarised  in  his  memoir  published  in 
1892,*  did  much  to  clarify  the  position  and  to  provide  a  firm 
experimental  basis  for  future  investigations.  Dealing  in  the  first 
place  with  the  natural  alcohols,  Haller  was  able  to  show  that 
G?-borneol,  m.p.  208-5°,  [a]D  +  37-33°,  from  D.  aromatica,  was 
the  optical  enantiomorph  of  Z-borneol  from  B.  balsamifera,  the 
former  giving  on  oxidation  ^-camphor  and  the  latter  Z-camphor. 
Berthelot's  "camphol"  from  amber  was  a  mixture  of  the  two. 
In  order  to  investigate  Montgolfier's  stable  and  unstable 
alcohols,  Haller  devised  a  method  for  the  separation  of  these  in 
a  state  of  purity.  Direct  separation  of  the  two  by  fractional 
crystallisation  was  not  possible,  and  Montgolfier  had  obtained 
the  "stable"  alcohol  by  treatment  of  the  mixture  with  stearic 
acid  at  275°,  when  the  stearate  of  this  alcohol  was  formed, 
the  unstable  alcohol  being  converted  into  camphene.  Haller 
found  that,  if  the  acetate  of  the  mixture  of  alcohols  was  pre- 
pared, the  "stable  "  alcohol  gave  a  crystalline  acetate,  that  of  the 
unstable  alcohol  being  an  oil.  By  the  hydrolysis  of  these  two 
acetates  the  corresponding  alcohols  could  be  obtained. 

The  "stable"  alcohol,  a-camphol,  was,  when  prepared  from 
cZ-camphor,  identical  in  all  respects  with  natural  d-borneol  from 
D.  aromatica,  that  derived  from  Z-camphor  being  similarly 
identical  with  Z-borneol.  The  unstable  alcohol,  /3-camphol, 
isocamphol  or  ^oborneol,  was  considered  by  Haller  to  be  a 
stereoisomeride  of  borneol.  ^-Camphor  gave  Z-^oborneol,  m.p. 
212°,  [a]D  —  33-11°,  whilst  Z-camphor  gave  the  optical  enantio- 
morph, d-isobomeol.  Borneol  and  ^oborneol  had  very  similar 
properties ;  the  latter  alcohol  was  the  more  soluble  and,  although 
both  alcohols  gave  on  dehydration  camphene,  the  elimination  of 
water  from  ^soborneol  took  place  much  more  readily. 

The  view  that  borneol  and  ^soborneol  had  the  same  structure 
and  that  they  were  stereoisomerides  was  generally  held  at  this 

*  Ann.  chim.  1892  [vi],  27,  392. 
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time  and  was  supported  apparently  by  the  fact  that,  although 
the  percentage  composition  of  the  mixture  might  vary,  any 
reaction  which  led  to  the  formation  of  the  one  alcohol  always 
gave  the  other.  Thus  Bertram  and  Walbaum*  found  that  iso- 
borneol  could  be  prepared  very  conveniently  by  the  hydration 
of  camphene  with  sulphuric -acetic  acid  mixture,  little  bornyl 
acetate  being  obtained,  and  Beckmannf  showed  that  the  per- 
centage composition  of  the  mixture  of  borneol  and  ^oborneol, 
resulting  from  the  reduction  of  camphor  with  sodium  in  neutral 
or  in  alcoholic  solution,  was  dependent  upon  the  temperature  of 
the  reaction  and  the  quantity  of  sodium  employed.  Since  the 
two  alcohols  were  apparently  the  secondary  alcohols  corre- 
sponding to  camphor,  it  followed,  adopting  Bredt's  formula  (I) 
for  the  latter,  that  they  must  be  the  stereoisomerides  repre- 
sented by  (II)  and  (III). 
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CHa 
•c— 
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The  first  suggestion  that  borneol  and  isoborneol  were  struc- 
tural and  not  stereoisomerides  would  appear  to  have  been  due  to 
Wagner.  J  For  the  reasons  which  have  been  given  on  p.  231,  he 
had  advanced  for  camphene  the  formula  represented  by  (IV), 
and  since  isoborneol  was  not  only  very  readily  prepared  from 
this  hydrocarbon,  but  could  also  be  very  readily  dehydrated  to 
it,  he  suggested  that  it  was  the  tertiary  alcohol  (V),  a  molecular 
rearrangement  having  occurred  in  the  reduction  of  camphor. 


H2C- 


-CH- 


CH3 
CHa 
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CHa 
I  XCH9 


H2C 


H, 


CH- 
CH2 
 CH- 
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CH3 
CHa 
CI 


I  I  .OH 

C:CH2      H2C  CH  C<  H2C  CH  C< 

XCH3  XCH3 

(IV)                               (V)  (VI) 

The  following  considerations  appeared  to  support  this  con- 
clusion. Semmler§  found  that  ^oborneol  on  treatment  with  zinc 

*  J.  pr.  Chem.  1894  [ii],  49,  1.  t  Ibid.  1897  [ii],  55,  31. 

$  J.  Muss.  Phys.  Chem.  Soc.  1899,  31,  680.  §  Ber.  1900,  33,  774. 
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dust  behaved  like  a  tertiary  alcohol  yielding  a  saturated  hydro- 
carbon, C10H18,  identical  with  ^ocamphane.  The  so-called  cani- 
phene  hydrochloride,  actually  isohomyl  chloride,  could  be 
prepared  by  the  action  of  hydrogen  chloride  on  either  camphene 
or  rsoborneol.  Subsequent  investigations  have,  however,  shown 
the  conclusions  drawn  from  these  experiments  to  be  incorrect. 
Much  of  the  evidence  has  already  been  discussed  in  detail,  so 
that  only  very  brief  reference  to  it  will  be  necessary  here. 

Lipp*  had  pointed  out  that  Semmler's  reduction  of  £<soborneol 
to  isocamphane  need  not  be  regarded  as  a  direct  reduction  of  an 
alcohol  to  a  saturated  hydrocarbon,  since  it  was  not  improbably 
preceded  by  a  preliminary  dehydration  to  camphene  which  was 
then  reduced.  This  interpretation  of  Semmler's  experiment  he 
has  confirmed,!  and  he  has  shown  that,  if  the  zinc  dust  be 
perfectly  dry,  only  camphene  and  no  ^ocamphane  is  produced, 
a  similar  change  being  brought  about  by  other  dehydrating 
agents  such  as  silica-gel,  alumina  or  animal  charcoal.  Further, 
two  isomeric  tertiary  alcohols,  camphene  hydrate  and  methyl 
camphenilol,  which  undoubtedly  have  structure  (V),  have  been 
prepared,  the  former  by  Aschan  by  the  action  of  milk  of  lime  on 
bornyl  chloride  (see  p.  251),  and  the  latter  by  Moycho  and 
Zienkowski  by  the  action  of  magnesium  methyl  iodide  on  cam- 
phenilone  (p.  258).  The  true  camphene  hydrochloride  (VI)  has 
been  described  by  Aschan  (p.  250)  and  has  been  shown  by  Meer- 
wein  and  van  Emster  to  be  tautomeric  with  bornyl  and  iso- 
bornyl  chlorides  (p.  285).  Kenyon  and  PristonJ  have  pointed 
out  that  isoborneol  must  be  a  secondary  alcohol,  since  it  reacts 
readily  with  phthalic  anhydride  to  give  a  hydrogen  phthalate, 
a  reaction  which  is  known  not  to  occur  with  tertiary  alcohols. 
Finally  attention  may  be  directed  to  the  important  observations 
of  Meerwein  and  his  collaborators,  who  have  shown  very  con- 
clusively that  borneol,  ^oborneol  and  camphene  hydrate  are, 
like  the  corresponding  chlorides,  true  tautomerides  (p.  285).  It 
would  therefore  appear  to  be  rigidly  established  that  borneol 
and  ^oborneol  are  stereoisomerides  and  that  they  must  be  the 
two  secondary  alcohols  represented  by  (II)  and  (III).  It  is  not 
possible  to  determine  their  configuration  with  absolute  certainty, 

*  Annalen,  1911,  382,  268.  t  Ibid.  1930,  480,  298. 

t  J.C.S.  1925,  127,  1472. 
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but  since  isoborneol  is  readily  dehydrated  it  would  appear  to  be 
certain  that  the  hydroxy  1  group  and  one  of  the  hydrogen  atoms 
attached  to  the  carbon  atom  (6)  (p.  292)  must  be  in  close  prox- 
imity. *  This  would  place  the  hydroxyl  group  and  the  bridge  on  the 
opposite  sides  of  the  cyclohexame  ring  and  is  therefore  contrary 
to  the  conclusions  reached  by  Vavon  and  Peignierf  from  a  deter- 
mination of  the  rates  of  hydrolysis  and  formation  of  the  esters 
of  borneol  and  ^soborneol.  They  J  assign  to  isoborneol  the  cis- 
configuration  with  the  hydroxyl  and  bridge  on  the  same  side  of 
the  cycldhexwae  ring.  In  the  writer's  opinion  the  configuration 
adopted  by  Lipp  presents  the  most  satisfactory  picture  of  iso- 
borneol. 

The  complete  rational  synthesis  of  borneol  follows  from  that 
of  camphoric  acid  and  camphor  (p.  314). 

Borneol  can  be  most  readily  identified  and  distinguished  from 
isoborneol  by  the  preparation  of  the  -p-nitrobenzoate,  m.p.  137°. § 
Aschan||  has  devised  a  method  for  distinguishing  between 
borneol,  isoborneol  and  camphene  hydrate.  The  alcohols  are 
dissolved  in  acetic  acid  and  after  the  addition  of  sulphuric  acid 
(50  per  cent.)  the  solution  is  boiled  for  a  few  seconds.  On  cooling 
the  solution  containing  borneol,  the  alcohol  crystallises  un- 
changed; the  isoborneol  solution  becomes  milky  at  10°,  but 
clarifies  at  18-20°,  whilst  that  containing  camphene  hydrate 
gives  two  layers  owing  to  its  rapid  dehydration  to  camphene. 

Borneol  crystallises  in  the  hexagonal  system  and  has  an  odour 
resembling  that  of  camphor,  although  somewhat  sharper.  The  d- 
and  Z-forms  melt  at  208-5°,  b.p.  212°,  the  dl-  has  m.p.  210-3°.  The 
optical  rotatory  power  of  the  two  alcohols  in  toluene  solution  has 
been  determined  by  Pickard  and  Littlebury,1f  who,  in  agreement 
with  Haller,**  have  found  it  to  be  [a]D  ±  37-92°  (c  =  11-5).  ft 

*  Lipp,  Annalen,  1930,  480,  298. 

t  Bull.  Soc.  chim.  1924  [iv],  35,  925;  1926  [iv],  39,  924. 
%  Compare  Hiickel,  Annalen,  1930,  477,  157. 
§  Henderson  and  Heilbron,  Proc.  C.S.  1913,  29,  381. 
j|  Annalen,  1915,  410,  230. 
11  J. C.S.  1907,  91,  1973. 
**  Ann.  chim.  1892  [vi],  27,  424. 

tt  According  to  Achmatowitz  (Roz.  chim.  1926,  6,  804)  an  isomeric  borneol, 
endoborneol,  m.p.  186°,  b.p.  203-204°,  phenylur 'ethane,  m.p.  138-139°,  is  obtained 
when  bornyl  acetate,  prepared  by  the  acetylation  of  borneol  in  the  presence  of  either 
sulphuric  acid  or  zinc  chloride,  is  hydrolysed.  Its  stereochemical  relationship  to 
borneol  and  isoborneol  has  not  been  determined. 
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The  rotatory  dispersion  of  borneol  and  a  large  number  of  its 
esters  has  been  studied  with  great  care  by  Pickard  and  his 
collaborators.*  According  to  Hantzscht  borneol  shows  a  very 
weak  absorption  in  the  ultra-violet  region  of  the  spectrum. 

The  most  convenient  methods  for  the  preparation  of  borneol 
have  been  referred  to  already.  It  is  obtained  mixed  with  iso- 
borneol,  when  magnesium  bornyl  chloride  is  oxidised  either  with 
dry  air  or  oxygen,  f  According  to  Vavon  and  Berton§,  approxi- 
mately equal  quantities  of  borneol  and  ^oborneol  are  formed  in 
this  reaction,  very  little  racemisation  occurring.  If  the  tempera- 
ture is  allowed  to  rise  during  the  oxidation,  the  yield  of  ^oborneol 
is  diminished.  Borneol  can  be  obtained  also  by  the  electrolytic 
reduction  of  camphor.  ||  For  the  purification  of  the  alcohol  and 
for  its  separation  from  isohomeol,  various  methods  have  been 
used,  the  most  satisfactory  probably  being  that  adopted  by 
Pickard  and  Littlebury,1f  which  consisted  in  the  removal  of  the 
isohomeol  by  digestion  of  the  mixture  with  zinc  chloride  in 
benzene  solution,  when  this  alcohol  was  dehydrated  to  camphene. 
The  borneol  was  then  purified  through  its  crystalline  hydrogen 
phthalate.  If  no  solvent  and  a  high  temperature  are  used,  then 
borneol  is  also  attacked  by  the  zinc  chloride  yielding  a  mixture 
of  an  ether,  (C10H17)2O,  m.p.  43-44°,  and  a  diterpene,  C2oH32, 
b.p.  168-169°.** 

d-Borneol  is  not  attacked  by  any  of  the  ordinary  reducing 
agents,  but  in  the  presence  of  an  alumina-nickel  oxide  catalyst 
at  215-220°  and  a  hydrogen  pressure  of  110  atmospheres  it 
yields  l-isocamphane,  the  reduction  being  preceded  by  de- 
hydration, f  |  With  a  copper  oxide-nickel  oxide  catalyst  under 
similar  conditions  only  camphene  is  formed. 

Characteristic  of  borneol  is  the  facility  with  which  it  is 

*  J.C.S.  1915,  107,  35;  1925,  127,  1472;  compare  Darmois,  Ann.  chim.  1911 
[viii],  22,  546;  Minguin,  ibid.  1915  [ix],  3,  368;  Tschugaev,  Bull.  Soc.  chim.  1913  [iv], 
13,  793. 

t  Ber.  1912,  45,  553. 

t  Hesse,  Ber.  1906,  39,  1128;  Houben,  ibid.  1701;  Barbier  and  Grignard,  Bull. 
Soc.  chim.  1910  [iv],  7,  344. 

§  Bull.  Soc.  chim.  1925  [iv],  33,  218. 
||  Tafel  and  Schmitz,  Z.  Elect.  Chem.  1902,  8,  288. 
H  J.C.S.  1907,  91,  1973. 
**  Ikeda,  Sci.  Papers  Inst.  Phys.  Chem,  Res.  Tokyo,  1927,  7,  47. 
tt  Ipatiev,  Ber.  1912,  45,  3207. 
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oxidised  to  camphor.  This  oxidation  can  be  effected  by  distilla- 
tion over  copper,*  by  the  action  of  oxides  of  nitrogen  or  by 
treatment  with  ozone  in  light  petroleum  solution.  With  strong 
nitric  acid  oxidation  to  camphoric  acid  occurs,  although,  if  a 
weak  acid  is  used,  camphor  can  be  obtained.  Oxidation  with 
chromic  acid  proceeds  in  an  interesting  manner.  By  treatment 
with  this  reagent  of  the  mixture  of  bornyl  and  ^obornyl  acetates 
prepared  by  the  acetylation  of  the  crude  alcohol  mixture  re- 
sulting from  the  reduction  of  camphor,  Schrotterf  obtained  a 
substance,  C12H1803 ,  which  gave  on  hydrolysis  a  substance  having 
the  composition  of  a  hydroxycamphor,  C10H16O2 .  The  constitu- 
tion of  this  hydroxycamphor  has  been  determined  by  Bredt  and 
Goeb.J  By  the  preparation  of  an  acetyl  derivative,  m.p.  76-77°, 
and  a  semicarbazone,  m.p.  222-224°,  they  showed  it  to  contain  a 
hydroxy  group  and  carbonyl  group.  On  oxidation  of  the  alcohol 
a  diketone,  paradiketocamphane,  m.p.  206-5-207°,  [a]D  +  103-42°, 
disemicarbazone,  m.p.  above  262°,  was  obtained,  which  must  be 
represented  by  (VII),  since  the  possible  isomeride  (VIII),  de- 
rived from  a  hydroxy  ketone  (IX),  would  be  symmetrical  and 
could  not  therefore  be  optically  active.  From  this  it  follows  that 
Schrotter's  hydroxycamphor  is  actually  hydroxyeipicamphor  (X). 
This  structure  is  supported  by  the  fact  that  on  oxidation  no 
camphoric  acid  is  obtained.  The  diketone  (VII)  has  been  pre- 
pared also  by  the  oxidation  of  camphor  (XI)  with  chromic  acid 
(see  p.  324). 
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*  Aloy  and  Brustier,  Bull.  Soc.  chim.  1911  [iv],  7,  733: 
513;  Masumoto,  Mem.  Coll.  Sci.  Kyoto,  1925,  9,  219. 


H2 

(VIII) 

Neave,  J.C.S.  1912,  101, 


t  Monatsh.  1881,  2,  224. 


%  J.  pr.  Chem.  1921  [ii],  101,  273. 
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It  is  not  improbable  that  the  hydroxycamphor,  m.p.  248°,  is 
a  mixture  of  stereoisomerides,  since,  when  it  is  regenerated  from 
either  its  acetyl  or  benzoyl  derivative,  it  melts  at  237-238°.  On 
reduction  with  sodium  in  alcoholic  solution  a  glycol,  m.p.  233- 
234°,  is  obtained.  It  is  of  interest  to  note  that  this  hydroxy- 
ketone  can  be  prepared  only  from  bornyl  acetate,  isobornyl 
acetate  being  resinified  by  chromic  acid.  When  borneol  is 
oxidised  with  ferric  chloride  in  ethereal  solution  in  the  presence 
of  sunlight  camphor  is  formed ;  if  ^oborneol  be  similarly  treated 
no  camphor  is  obtained,  but  Puxeddu's  conclusion*  that  they 
must,  therefore,  have  a  different  structure  is  not  justified. 

Borneol  is  oxidised  by  chlorine  to  camphor  both  in  the 
presence  and  absence  of  water ;  with  bromine  in  light  petroleum 
solution,  however,  an  unstable  additive  compound,  C10H18O,  Br2, 
can  be  prepared. f  This  derivative  is  decomposed  immediately 
by  either  alcohol  or  alkali  yielding  a  mixture  of  borneol  and 
camphor.  Similar  unstable  additive  compounds  are  obtained 
also  with  hydrogen  bromide  and  hydrogen  iodide  in  light 
petroleum  solution.  Its  conversion  into  the  bornyl  halides  has 
been  discussed  already  (p.  281). 

Unlike  ^oborneol,  borneol  is  comparatively  stable  to  dehy- 
drating agents  although,  according  to  Aschan,J  this  difference 
is  not  so  marked  as  is  generally  assumed.  It  is  not  attacked 
when  warmed  with  zinc  chloride  in  benzene  solution  nor  by 
dilute  sulphuric  acid,  but  with  50  per  cent,  sulphuric  acid  a  good 
yield  of  camphene,  accompanied  by  some  dibornyl  ether,  b.p. 
312-314°/760  mm.,  is  obtained.§  Camphene  is  obtained  also  by 
digestion  with  potassium  hydrogen  sulphate.  ||  When  borneol  is 
fused  with  potassium  hydroxide  at  250-280°  under  pressure,  ring 
fission  occurs  with  the  formation  of  campholic  acid  (XII)H  (p.  298). 

Borneol  reacts  readily  with  sodium  to  give  the  corresponding 
sodium  derivative,  the  preparation  of  which  can  be  carried  out 
most  conveniently  by  allowing  the  reaction  to  proceed  in  a 

*  Gazzetta,  1929,  59,  59. 

t  Wallach,  Annalen,  1885,  230,  226. 

%  Annalen,  1911,  383,  11. 

§  Konowalov,  J.  Buss.  Phys.  Chem.  Soc.  1900,  32,  76;  Gobulov,  ibid.  1912,  44, 
1061. 

||  Wallach,  Annalen,  1885,  230,  237. 

1  Guerbet,  Compt.  rend.  1909, 148,  720;  Bull.  Soc.  chim.  1909  [iv],  5,  415. 


298 


CAMPHANE,  7S0CAMPHANE 


PT.  I 


neutral  solvent.  The  sodium  derivative  can  be  used  with 
advantage  for  the  preparation  of  bornyl  ethers  and  esters,  of 
which  a  large  number  are  known,  and  which  have  been  used 
extensively  in  the  study  of  problems  in  the  field  of  optical 
rotatory  power  and  dispersion.* 

CH3  CH3 
HoC  C  CHOH  ELC  C  C02H 


H3C .  C .  CH3 

CH  CH2  H2C  CH  CH 

(II)  (XII) 

The  bornylurethanes  are  not  suitable  for  the  characterisation 
of  borneol,  since,  according  to  Bertram  and  Walbaum,f  both 
bornyl  and  isobornyl  phenylurethanes  melt  at  138-139°;  the 
a-napJithylur ethanes,  which  were  prepared  by  Neuberg  and 
Hirschberg  J,  also  show  little  difference  in  their  melting-points, 
which  are  132°  and  129°  respectively. 

Whilst  a  detailed  consideration  of  the  bornyl  esters  lies  outside 
the  scope  of  this  book,  mention  must  be  made  of  methylbornyl- 
xanthate,  d-  and  1-,  m.p.  56-57°,  [a]D  +  33-69°,  -  33-38°,  dl-, 
m.p.  28-5-29°,  since  on  distillation  it  yields  bornylene  (see 
p.  263). §  The  preparation  of  this  ester  has  been  suggested  by 
Tschugaev||  as  a  convenient  method  for  the  separation  of  borneol 
and  isobomeol,  since,  whereas  methylbornylxanthate  on  hy- 
drolysis yields  borneol,  methyl  ^sobornylxanthate  is  dehydrated 
to  camphene.  This  tendency  for  dehydration  in  place  of  hydro- 
lysis to  occur  is  shown  also  by  d-bornyltoluene-~p-sulpkonate,  m.p. 

Mz>  +  26-34°,  which  on  warming  with  sodium  ethylate 
yields  camphene. H 

*  Inter  al.  Pickard  and  Kenyon,  J.C.S.  1915, 107,  35;  Kenyon  and  Priston,  ibid. 
1925,  127,  1472. 

t  J.  pr.  Chem.  1894  [ii],  49,  5. 
t  Biochem.  Z.  1910,  27,  344. 

§  Tschugaev,  J.  Buss.  Phys.  Chem.  Soc.  1904,  36,  988. 
||  Compare  Pickard  and  Littlebury,  J.C.S.  1907,  91,  1973. 

U  Ferns  and  Lapworth,  J.C.S.  1912, 101,  278;  compare  Patterson  and  Mc Alpine, 
ibid.  1928,  p.  2471. 
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^soBorneol  does  not  occur  in  nature,  but  since  it  is  always  formed 
together  with  borneol  either  by  the  hydration  of  camphene  or  by 
the  action  of  sodium  on  camphor,  it  has  been  known  since  about 
1859  (compare  p.  289).  The  constitution  of  ^oborneol  and  its 
relationship  to  borneol  has  been  discussed  already  (p.  292). 

dl-isoBomeol  is  readily  prepared  by  the  hydration  of  cam- 
phene with  acetic -sulphuric  acid  mixture,*  the  isobornyl  acetate 
so  obtained  yielding,  on  hydrolysis,  an  ^oborneol,  which  is 
almost  completely  racemised.f  A  more  convenient  method  has, 
however,  been  described  by  Vavon  and  Peignier,t  who  have 
shown  that  camphor,  on  catalytic  hydrogenation  in  the  presence 
of  platinum  black,  gives  isobomeol  in  a  yield  of  about  80  per 
cent.  The  separation  of  the  optically  pure  forms  of  the  alcohol 
can  best  be  carried  out  by  the  method  adopted  by  Pickard  and 
Littlebury.§  l-isoBornyl  hydrogen  phthalate  was  purified  by 
the  crystallisation  of  its  Z-menthylamine  salt,  d-isobornyl  hy- 
drogen phthalate  being  separated  in  the  form  of  its  cinchonine 
salt.  The  corresponding  d-  and  Z-alcohols  were  obtained  on 
hydrolysis  of  the  hydrogen  phthalates. 

isoBorneol  can  be  best  characterised  and  distinguished  from 
borneol  by  the  preparation  of  the  j)-nitrobenzoate,  which  melts 
at  129°.|| 

Pickard  and  Littlebury  found  d-  and  ?-isoborneols  to  melt  at 
214°,  although  the  somewhat  higher  melting-point,  217°,  has 
been  recorded  by  Henderson  and  Heilbron.  The  optically  active 
isoborneols  differ  from  the  borneols,  in  that  their  rotatory  power 
shows  marked  variations  depending  upon  the  nature  of  the 
solvent  in  which  it  is  determined;  concentration,  however,  has 

*  Bertram  and  Walbaum,  J.  pr.  Chem.  1914  [ii],  49,  1. 

f  Beckmann,  J.  pr.  Chem.  1897  [ii],  55,  39;  Bar.  1909,  42,  491. 

%  Bull.  Soc.  chim.  1924  [iv],  35,  925. 

§  J.C.8.  1907,  91,  1978. 

||  Henderson  and  Heilbron,  Proc.  C.S.  1913,  29,  281. 
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little  effect.  In  ethyl  acetate  solution  Pickard  and  Littlebury 
observed  [a]D  +  34-09°,  —  34-34°,  whilst  in  toluene  solution  the 
value  [a]D  +  21-32°  was  found.  Darmois*  has  made  use  of  the 
rotatory  dispersion  of  solutions  of  borneol  and  ^oborneol  for  the 
determination  of  the  composition  of  mixtures  of  the  two  alcohols. 

In  addition  to  the  methods  mentioned  above  ^soborneol  is 
obtained  by  any  of  the  general  methods  used  for  the  preparation 
of  borneol  (pp.  290,  295). 

In  its  reactions  ^oborneol  resembles  borneol,  although  the 
greater  facility  with  which  it  undergoes  dehydration  to  camphene 
causes  it  to  exhibit  slight  differences.  Its  reduction  to  ^socam- 
phane  by  moist  zinc  dust  has  already  been  commented  upon 
(p.  293).  This  hydrocarbon  is  obtained  also  by  reduction  with 
hydrogen  under  high  pressure  using  an  alumina-nickel  oxide 
catalyst,  camphene  being  obtained  with  a  copper  oxide-alumina 
catalyst  f  (compare  p.  295). 

isoBorneol  differs  from  borneol  in  not  being  oxidised  to 
camphor  when  distilled  over  copper,  J  the  oxidation  proceeding 
smoothly,  however,  by  the  action  of  air  (or  oxygen)  in  the 
presence  of  various  catalysts.  Owing  to  its  technical  importance 
the  catalytic  oxidation  of  the  alcohol  has  been  very  thoroughly 
studied,  and  satisfactory  results  are  obtained  by  the  use  of  an 
iron  oxide -nickel  catalyst  working  in  toluene  solution. §  It 
should  be  mentioned  that  cZ-^soborneol  gives  on  oxidation 
Z-camphor,  and  l-isobomeol,  c£-camphor.  Oxidation  of  ^oborneol 
to  camphor  occurs  also  when  the  alcohol  is  subjected  to  the 
action  of  ozone,  oxides  of  nitrogen,  nitric  acid  and  potassium 
permanganate.  Unlike  bornyl  acetate,  ^obornyl  acetate  is  not 
oxidised  to  a  hydroxycamphor  by  chromic  acid  (compare  p.  296), 
but  according  to  Ikeda  and  Fujita||  a  ketoisobornyl  acetate,  b.p. 
150-155°/10  mm.,  semicarbazone,  m.p.  187°,  is  formed  when 
isohomjl  acetate  is  ozonised  in  acetic  acid  solution.  On  hy- 
drolysis a  Jcetoisoborneol,  semicarbazone,  m.p.  227°,  is  obtained, 
but  its  constitution  and  relationship  to  the  other  hydroxy- 
camphors  (p.  355)  does  not  appear  to  have  been  determined. 

*  Ann.  chim.  1911  [viii],  22,  546. 
f  Ipatiev,  Ber.  1912,  45,  3207. 
t  Neave,  J.C.S.  1912,  101,  513. 

§  Compare  Aschan,  Naphtenverbindungen,  Terpene  und  Campherarten,  pp.  168-173. 
||  Sci.  Papers  Inst.  Phys.  Chem.  Res.  Tokyo,  1927,  7,  12. 
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zsoBorneol  is  oxidised  by  chlorine  to  camphor,  whilst  by  the 
action  of  the  halogen  acids  and  phosphorus  halides  the  tsobornyl 
halides  can  be  prepared  (p.  281).  On  fusion  with  potassium 
hydroxide  zsoborneol,  like  borneoL  yields  canrpholic  acid  (see 
p.  289). 

The  preparation  of  the  esters  and  ethers  of  /soborneol  can  be 
carried  out  very  conveniently  from  the  sodium  derivative,  the 
risk  of  isomeric  change  being  thereby  minimised.  In  this 
manner  Meerwein  and  Gerard*  prepared  mobomyl  methyl  ether, 
b.p.  191°,  dl?  0-9250,  n™"  1-46252. 

A  large  number  of  /sobornyl  esters  have  been  described  and 
have  been  utilised  more  especially  in  the  study  of  problems 
related  to  rotatory  dispersion  (compare  p.  298). 
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Camphemlone  (III)  was  first  separated  by  Wagner j  during  his 
investigation  of  the  oxidation  of  camphene  (I)  with  potassium 
permanganate  (p.  231)  and  he  showed  also  that  it  was  obtained 
when  camphenylic  acid  (II)  was  oxidised  with  lead  peroxide. 
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*  Ammlen,  1923,  435,  184. 

t  J.  Buss.  Phys.  Chem.  Soc.  1896,  28,  64:  1897,  29,  124;  compare  inter  al.  Aschan, 
Annahn,  1911,  384,  44. 
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The  formula  assigned  by  Wagner  to  camphenilone  was  con- 
firmed by  Komppa  and  Hintikka's*  synthesis  of  the  ketone  by 
the  distillation  of  the  lead  salt  of  camphenic  acid  (IV) ;  Diels 
and  Alderf  have  also  synthesised  it  by  the  methylation  of  nor- 
camphor  (V)  with  methyl  iodide  in  the  presence  of  sodamide. 

Camphenilone  can  be  prepared  most  readily  by  the  oxidation 
of  co-nitrocamphene  (VI)  (p.  254)  with  potassium  permanganate.} 
Attention  must  also  be  directed  to  its  formation  by  the  ozonolysis 
of  the  acetate  of  the  enolic  form  of  camphenilanaldehyde  (VII)§ 
and  to  its  preparation  by  Lipp||  from  enpotricyclenic  acid  (VIII) 
in  a  somewhat  unusual  manner.  When  the  amide  of  this  acid 
is  converted  into  the  urethane  by  Jeffrey's  method  and  the  latter 
fused  with  alkali,  the  amine  (IX)  is  only  obtained  in  a  very 
small  yield,  camphenilone  (III)  and  the  corresponding  secondary 
alcohol,  camphenilol,  forming  the  main  products  of  the  reaction. 
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*  Ber.  1914,  47,  1550. 

f  Annalen,  1929,  470,  63;  1931,  486,  202. 

J  Jagelki,  Ber.  1899,  32,  1498;  Blaise  and  Blanc,  Compt.  rend.  1899,  129,  886; 
Bull.  Soc.  chim.  1900  [iii],  23,  164;  Komppa  and  Hintikka,  Annalen,  1912,  387,  294. 
§  Semmler,  Ber.  1909,  42,  963. 
II  Ber.  1921,  54,  1316. 
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Camphenilone  can  be  most  readily  identified  by  the  prepara- 
tion of  the  semicarbazone,  m.p.  224°. 

c^-Camphenilone,  which  has  a  strong  camphoraceous  odour, 
melts  at  38°,  b.p.  195°,  73-75°/10  mm.,  d3S°  0-9705,  nD  1-469;  for 
a  dextrorotatory  camphenilone  prepared  from  <i-camphene 
Aschan*  gives  m.p.  41-42°,  [a]D  +  30-05°  (in  50  per  cent, 
alcoholic  solution).  On  reduction  with  sodium  and  alcohol  the 
secondary  alcohol,  camphenilol,  m.p.  91-5-92°,  b.p.  192°/740mm., 
88-5-89°/ll  mm.,  phenylur ethane,  m.p.  100-102°,  is  obtained.t 
When  the  reduction  is  carried  out  with  sodium  in  ethereal  solu- 
tion a  pinacone,  C18H20O2,  m.p.  134°,  is  formed.  It  has  been 
suggested  by  Komppa  and  Hintikka  J  that  this  is  a  mixture  of 
the  two  isomeric  pinacones,  m.p.  173-173-5°  and  172-5-173°, 
which  were  prepared  by  Moycho  and  Zienkowski§  by  the  action 
of  sodium  and  amyl  formate  on  the  ketone.  Camphenilol  reacts 
with  phosphorus  pentachloride  to  give  camphenilylchloride,  m.p. 
54°,  b.p.  70-76°/15  mm.,||  which  on  digestion  with  aniline  yields 
santene.  This  hydrocarbon  is  formed  also  when  camphenilol  is 
dehydrated  with  potassium  hydrogen  sulphate  (see  p.  208). 

Camphenilone  is  extremely  resistant  to  oxidising  agents 

although,  according  to  Nametkin,H  it  yields  ^ocamphoronic  acid 

on  digestion  with  dilute  nitric  acid.  Fission  of  the  dicyclic  ring 

can,  however,  be  effected  either  by  the  action  of  sodamide  in 

benzene  solution**  or  on  fusion  with  potassium  hydroxide, ft 

when  fi-dihydrocamphoceenic  acid  (X),  b.p.  140-141°/15  mm., 

^4?°  0-9820,  nD  1-45650,  or  with  the  first  reagent,  the  amide, 

m.p.  168°,  is  obtained.  The  latter  has  been  synthesised  by 

Bouveault  and  Blanc.  %  % 

/CH3  /CH3 

H2C  CH  C<  H2C  CH  CH 

I            XCH3  |  \ 

CH2  KOH                   CH2  0M3 

) — in — co  h2c — Ah.co2h 

(III)  (X) 
*  Annalen,  1915,  410,  223. 

t  Jagelki,  Ber.  1899,  32,  1503;  Komppa,  Annalen,  1909,  366,  72. 

t  Annalen,  1912,  387,  294.  §  Ibid.  1905,  340,  55. 

||  Jagelki,  Ber.  1899,  32,  1503;  Hintikka  and  Komppa,  Annalen,  1912,  387,  294; 
Bull.  Soc.  chim.  1917  [iv],  21,  14. 

II  Annalen,  1924,  438,  193.  **  Semmler,  Ber.  1906,  39,  2580. 

ft  Hintikka,  Annal.  Acad.  Sci.  Fennicae,  1913,  III  A,  9,  1. 
U  Compt.  rend.  1908, 147,  1315. 
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Camphenilone  reacts  with  phosphorus  pentachloride  in  chloro- 
form solution  to  give  a  dichloride,  m.p.  174°,*  from  which,  by 
action  of  sodium,  a^obornylene  and  a^ocyclene  can  be  ob- 
tained (see  p.  272). 

Campheniloneoxime  (XI),  which  was  first  prepared  by  Wagnerf 
and  subsequently  by  other  investigators, %  melts  at  105-107°, 
b.p.  128-129°/14  mm.  On  digestion  with  dilute  sulphuric  acid  it 
yields,  in  addition  to  camphenilone,  the  nitrile  of  camphbceenic 
acid  (XII),  b.p.  85-90°/10  mm.,§  which  gives  on  hydrolysis  the 
corresponding  acid,  m.p.  54°.  This  nitrile  also  results  in  a  some- 
what better  yield  when  the  oxime  is  warmed  with  acetyl  chloride, 
some  campheniloneisoxime  (XIII)  being  formed  simultaneously. 
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Reference  has  been  made  already  (p.  258)  to  the  action  of 
magnesium  methyl  iodide  on  camphenilone,  when  methyl- 
camphenilol  is  obtained.  The  corresponding  phenyl  derivative, 
phenylcamphenilol  (XIV),  b.p.  122°/4  mm.,  has  been  prepared 
by  Aschan||  and  by  Bredt-Salvesberg^l  by  the  action  of  phenyl 
bromide  on  the  ketone.  On  dehydration  it  yields  a  tricyclic 
hydrocarbon,  b.p.  96-97°/5  mm.,  d\o'b°  1-00609,  7i^'25°  1-54710, 
which  is  probably  represented  by  (XV). 
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*  Moycho  and  Zienkowski,  Annalen,  1905,  340,  56;  Hintikka  and  Komppa, 
Annalen,  1912,  387,  294;  Komppa  and  Roschier,  ibid.  1922,  429,  175. 

t  J.  Buss.  Phys.  CJiem.  Soc.  1896,  28,  76;  Bull.  Soc.  chim.  1896  [iii],  16,  1837. 
%  Compare  Komppa,  Annalen,  1909,  366,  75. 

§  Jagelki,  Ber.  1899,  32,  1505;  Blaise  and  Blanc,  Compt.  rend.  1899,  129,  888; 
Bull.  Soc.  chim.  1900  [iii],  23,  174;  Semmler,  Ber.  1909,  42,  249. 

II  Annalen,  1915,  410,  223.  1  Ber.  1923,  56,  554. 
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The  dicyclic  ketone,  camphor,  C10H16O,  which  does  not  occur  very 
widely  distributed  in  nature,  has  been  found  in  the  d-,  I-  and  dl- 
forms.  The  main  source  of  d-camphor  is  the  wood  of  the  tree, 
Cinnamonum  Camphora  Nees,  which  is  found  from  Cochin-China 
to  Shanghai  and  in  the  islands  from  Hainan  to  Southern  Japan, 
that  is  between  10°  to  34°  North  Latitude.  The  most  extensive 
forests  are  those  in  Formosa,  where  the  climate  is  moist  and 
tropical  to  sub-tropical.  It  has  been  successfully  cultivated  in 
India,  Burma,  Ceylon,  the  Malay  States,  Java,  Australia,  East 
and  South  Africa,  Italy,  Algiers,  Florida,  California,  Brazil,  the 
West  Indies,  Mauritius  and  Madeira.  Although  camphor  was 
obtained  originally  from  China,  the  main  source  of  natural 
camphor  is  now  Formosa.  Camphor  is  present  in  all  parts  of  the 
tree  and,  whilst  the  percentage  is  highest  in  the  trunk,  it  has 
been  suggested  that  the  leaves  might  in  certain  cases  also  be 
utilised.*  Z-Camphor  has  been  separated  from  the  oil  prepared 
from  the  leaves  of  Blumea  balsamifera  and  c^-camphor  from  that 
derived  from  Chrysanthemum  sinense  var.  japonicum. 

Owing  to  the  ease  with  which  it  can  be  isolated  and  to  its 
remarkable  properties,  camphor  has  been  known  and  valued  for 
medicinal  purposes  in  the  Far  East  (China  and  Japan)  from  the 
earliest  times.  It  is  not  referred  to  in  Greek  or  Roman  literature 
and  it  would  appear  to  have  been  introduced  into  Europe  by  the 
Arabs  under  the  name  Kdfdr  (from  the  Sanscrit  Kapura  meaning 
"white").  The  true  Chinese  camphor  was  for  a  long  time  confused 
with  borneol,  borneocamphor,  which  was  obtained  from  Sumatra 
and  which  was  considered  to  be  of  greater  medicinal  value.  In 
the  West  much  confusion  reigned  also  as  to  the  source  of  cam- 
phor, and  it  was  at  one  time  considered  to  be  a  mineral  resin. 

*  Compare  inter  al.  Howard,  Robertson  and  Simonsen,  Ind.  For.  Rec.  1923,  9, 
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In  view  of  its  medicinal  value  the  action  of  various  reagents 
on  camphor  was  studied  by  the  alchemists.  Thus  Libavius* 
refers  to  the  solution  of  camphor  in  nitric  acid  and  Kosegarten  j 
prepared  by  the  action  of  this  reagent  an  acid,  which  was  un- 
doubtedly camphoric  acid.  In  the  determination  of  the  origin  of 
camphor  the  analysis  carried  out  by  Lavoisier  was  of  great 
importance,  since  he  showed  that  it  contained  only  carbon, 
hydrogen  and  oxygen.  The  composition  and  the  molecular  weight 
were  first  determined  by  Dumas  J  and  by  Blanchet  and  Sell,§ 
who  showed  it  to  have  the  formula  C10H16O.  Prior  to  this  its 
physical  constants  had  been  determined  with  some  accuracy, 
whilst  Biot||  had  observed  that  its  vapour  was  optically  active. 
Some  years  later  camphoric  acid  and  camphoric  anhydride  were 
shown  to  have  the  formulae  C10H16O4  and  C10H16O3  respectively.^ 
In  1841  Pelouze**  made  the  very  important  observation  that 
borneocamphor,  borneol,  which  had  the  formula  C10H18O,  gave  on 
oxidation  ordinary  camphor.  This  was  confirmed  by  Gerhardt,yt 
who  suggested  that  camphor  was  the  aldehyde  corresponding  to 
the  alcohol  borneol.  Two  other  observations,  which  were  later  to 
become  of  considerable  importance,  were  made  at  this  time  by 
Delalande,^  who  found  that  by  distillation  over  lime  camphor 
gave  campholic  acid,  whilst  on  treatment  with  dehydrating 
agents,  such  as  zinc  chloride  or  phosphorus  pentoxide,  £>-cymene 
was  obtained. 

The  experiments  referred  to  above  were  all  carried  out  with 
e£-camphor,  the  laevorotatory  form  being  first  separated  in  1848 
by  Dessaignes  and  Chautard§§  from  the  oil  of  Matricaria 
Parihenium  L. 

Gerhardt's  suggestion  that  camphor  was  the  aldehyde  corre- 
sponding to  borneol  received  apparent  support  from  the  experi- 
ments of  Berthelot||||,  who  showed  that,  when  it  was  heated  in 

*  Alchymia,  1595. 

f  Dissertatio  de  Camphor  a  et  partibus  quae  earn  constituunt,  1785. 

j  Ann.  chim.  1833  [ii],  48,  430;  Annalen,  1833,  6,  245. 

§  Annalen,  1833,  6,  302. 

||  Mem.  de  VAcademie,  2,  114;  13,  144. 

U  Malaguti,  Annalen,  1837,  22,  32;  Liebig,  ibid.  50;  Laurent,  ibid.  135. 
**  J.  Pharm.  1841,  26,  645;  Annalen,  1841,  40,  328. 
ff  Annalen,  1843,  45,  29. 
it  Ibid.  1841,  38,  337. 

§§  J.  Pharm.  1848  [iii],  13,  241;  Compt.  rend.  1853,  37,  166. 
Illl  Annalen,  1859,  110,  361. 


ch.  v  AND  THEIR  DERIVATIVES  307 

a  sealed  tube  at  180-200°  with  an  alcoholic  solution  of  sodium 
hydroxide,  borneol  was  obtained,  whilst  in  addition  an  acid, 
"camphinic  acid",  was  formed.  To  this  acid  Berthelot  erro- 
neously gave  the  formula  C10H16O2 ,  and  he  regarded  the  reaction 
which  had  occurred,  as  a  Cannizzaro  reaction,  analogous  to  the 
conversion  of  benzaldehyde  into  benzyl  alcohol  and  benzilic 
acid.  Tollens  and  Fittig*  and  Weylf  considered  that  camphor  was 
probably  a  ketone,  since  it  was  not  oxidised  by  chromic  acid  to 
an  acid  having  the  formula  C10H16O2,  nor  could  it  be  reduced 
readily.  This  latter  argument,  however,  lost  its  force  when 
BaubignyJ  showed  that  it  could  be  reduced  with  sodium  in 
alcoholic  solution.  Direct  evidence  of  the  presence  of  a  carbonyl 
group  was  lacking  and  in  1870  Meyer  §  and  Hlasiwetz||  suggested 
the  possibility  of  its  being  an  oxide. 

The  Meyer  formula  (I)  and  the  Hlasiwetz  formula  (II)  mark 
an  epoch  in  the  history  of  the  chemistry  of  camphor.  As  will  be 
obvious,  they  are  based  on  the  Kekule  benzene  formula,  and  are 
an  attempt  to  correlate  the  constitution  of  camphor  with  that  of 
cymene  (III),  II  into  which  it  can  be  converted  by  the  action  of 
dehydrating  agents.  O 

CH,  CH3  H2  (The. 

a         A  X 

H^^CH.  HC^CH  HaC^CK, 

I  >  — >  |      ||  —  I  I 

H9C     CH/  HC     CH  H2C  CH2 

Y  Y  Y 

d^H,  C3H7  H2C  CHg 

(I)  (HI)  (II) 

In  the  following  years  a  great  variety  of  formulae  (more  than 
thirty)**  were  suggested  for  camphor  and  camphoric  acid,  but 

*  Annalen,  1864,  129,  371.  f  Ber.  1868,  1,  94. 

%  Compt.  rend.  1866,  63,  221.  §  Ber.  1870,  3,  116.  ||  Ibid.  539. 

II  The  actual  constitution  of  p-cymene  was  not  known  at  the  time  (see  Vol.  I, 
p.  120). 

**  A  full  account  of  the  early  formulae  assigned  to  camphor  has  been  given  by 
Aschan  in  his  monograph  Die  Constitution  des  Camphers  und  seine  wichtigsten 
Derivative.  The  following  are  some  of  the  most  important  references  in  the  literature : 
Kachler,  Annalen,  1872,  164,  92;  1873,  169,  185;  Wreden,  Ber.  1872,  5,  765,  1106; 
1877, 10,  714;  Bruylants,  ibid.  1878,  11,  451;  Armstrong,  ibid.  1698;  Armstrong  and 
Miller,  ibid.  1883,  16,  2260;  Kanonnikov,  J.  Buss.  Phys.  Chem.  Soc.  1883,  15,  469; 
J.  pr.  Chem.  1885  [ii],  32,  511;  Briihl,  Annalen,  1888,  226,  261;  Collie,  Ber.  1892, 
25,  1114. 
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since  these  are  now  only  of  historic  interest  it  would  be  of  little 
value  to  discuss  them  in  detail.  It  is  doubtful  if,  in  the  whole 
range  of  organic  chemistry,  any  two  substances  have  been  the 
subject  of  such  intensive  study,  and  the  difficulties  encountered 
in  the  determination  of  their  constitution  has  been  due  mainly 
to  their  tendency  to  undergo  intramolecular  rearrangements. 

In  1893  Bredt  suggested  that  the  majority  of  the  reactions  of 
camphoric  acid  could  be  simply  explained,  if  the  acid  was  the 
c?/cfopentane  acid  (V),  when  camphor  would  be  represented  by 
(IV).  Although  the  subsequent  synthetical  investigations  of 
Komppa  and  of  Perkin  and  Thorpe  have  shown  Bredt's  formulae 
to  be  correct,  they  did  not  receive  general  acceptance  and  various 
modifications  were  proposed.  Amongst  these  the  most  important 
were  due  to  Tiemann*  (VI),  Perkin  |  (VII)  and  Perkin  J  and 
Bouveault§  (VIII). 


H9C- 


I  * 

-c- 


IqC  .  (^  .  CH 


CO 


HaC 


CH. 
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CH2 


H,C.i. 


CH, 


H,C 


(IV) 


H,C.CH 


H3C/ 


CH3 
-C.C02H 

-C5H.C02H 
(VII) 


— CH.C02H 
(V) 

CH3 
H3C.  | 

\C  C.C02H 

H,CJ/  | 

CH.CO.H 


H9C 


— CHj 
(VIII) 


It  will  be  as  well  to  summarise  here  the  conditions  which  must 
be  satisfied  by  any  constitutional  formulae  for  camphor  and 
camphoric  acid. 

(i)  Camphor  has  the  composition  C10H16O  and  camphoric  acid, 
C10H16O4 ,  is  a  dibasic  acid. 

(ii)  The  molecular  refractions  of  camphor  and  camphoric  acid 
show  them  to  be  saturated,  from  which  it  follows  that  camphor 
must  be  dicyclic  and  camphoric  acid  monocyclic. || 


*  Ber.  1895,  28,  1079.         f  J.C.S.  1898,  73,  796.  J  Ibid.  1898,  73,  819. 

§  Bull.  Soc.  chim.  1897  [iii],  17,  990. 

||  Kanonnikov,  J.  pr.  Chem.  1885  [ii],  32,  503;  Briihl,  Ber.  1891,  24,  3701. 
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(iii)  Camphor  and  camphoric  acid  are  both  optically  active 
and  must  therefore  contain  one  centre  of  asymmetry.  The  Bredt 
formula  for  camphoric  acid  contains  two  such  centres  and  both 
are  present  in  camphor.  For  reasons  to  be  discussed  later  (p.  316) 
the  ketone  can  exist  in  only  two  optically  active  modifications. 

(iv)  Camphor  is  a  ketone;  (a)  it  gives  an  oxime*  and  a 
semicarbazone,f  and  (b)  it  can  be  reduced  with  sodium  and 
alcohol  to  the  corresponding  secondary  alcohol,  borneol. 

(v)  Camphor  contains  the  grouping  — CH2.CO — ,  since  it 
yields  (a)  on  treatment  with  ^soamyl  nitrite,  isonitrosocamphor, 

.CO  XX) 
C8H14<^  |         ;  J  (b)  a  liydroxymethylene  derivative,  C8H14<^  |  ;§ 

/C02H 

and  (c)  on  oxidation  a  dibasic  acid,  camphoric  acid,  C8H14/ 

Von 


in  which  the  two  carboxyl  groups  are  not  similarly  situated, 
since  two  different  series  of  hydrogen  esters  can  be  prepared. 

(vi)  Camphoric  acid  has  only  one  hydrogen  atom  in  the 
a-position  to  the  carboxyl  groups,  since  on  bromination  it  yields 
a  monobromo-acid.||  ' 


(vii)  Camphor  must  contain  the  grouping  -C  CO,  since 


its  sodium  derivative  (IX)  yields  with  cyanogen  cyanocamphor 
(X),  and  from  this  by  hydrolysis  homocamphoric  acid  (XI)  can  be 
prepared.  H  The  constitution  of  the  latter  is  proved  by  its 
synthesis  from  campholide  (XIII),  a  reduction  product  of  the 
anhydride  of  camphoric  acid  (XII).**  Now  homocamphoric  acid 
gives  on  bromination  a  monobromo  acid  (XIV),  from  which  by 
treatment  with  alkali  hydrogen  bromide  can  be  eliminated  with 
the  formation  of  dehydrohomocamphoric  acid  (XV).  Utilising  the 
Bredt  formulae  for  camphor  and  camphoric  acid,  these  reactions 
are  illustrated  in  the  following  scheme  and  establish  conclusively 


*  Nageli,  Ber.  1883,  16,  497. 

f  Tiemann,  ibid.  1895,  28,  2191. 

j  Claisen  and  Manasse,  Annalen,  1893,  274,  79. 

§  Claisen,  Bishop  and  Sinclair,  ibid.  1894,  281,  314. 

||  Aschan,  Ber.  1893,  26,  1640. 

If  Haller,  Compt.  rend.  1889,  109,  68,  112;  1896,  122,  446. 
**  Haller  and  Blanc,  ibid.  1900,  130,  376. 
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the  presence  of  the  grouping  shown  in  the  skeleton  formula  given 
at  the  head  of  this  section. 
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It  will  be  observed  that  the  hydrogen  which  is  eliminated  as 
hydrogen  bromide  from  the  monobromo  acid  (XIV)  in  the  forma- 
tion of  dehydrohomocamphoric  acid  (XV)  is  the  same  as  that 
which  is  substituted  in  the  preparation  of  bromocamphoric  acid 
(XVI)  (see  under  (vi)  above).  It  should  be  mentioned  that  by 
the  distillation  of  the  calcium  salt  of  homocamphoric  acid  (XI) 
Haller*  prepared  camphor  (IV). 

(viii)  By  the  oxidation  of  either  camphor  or  camphoric  acid 
with  nitric  acid  the  tribasic  acid,  camphoronic  acid,  C9H1406 ,  is 

*  Compt.  rend.  1896,  122,  446;  compare  Bredt  and  Rosenberg,  Annalen,  1896, 
289,  1 ;  Komppa,  Ber.  1908,  41,  4470. 
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always  obtained.  This  acid  has  been  prepared  synthetically  by 
Perkin  and  Thorpe*  and  has  been  shown  to  be  aa/3-trimethyl- 
tricarballylic  acid  (XVII),  as  had  been  suggested  by  Bredt.t 
This  suggestion  of  Bredt's  was  the  foundation  of  his  formula  for 
camphoric  acid,  and  it  was  based  essentially  upon  the  fact  that 
camphoronic  acid  on  distillation  at  the  ordinary  pressure  decom- 
posed, yielding  isobutyric  acid  (XVIII),  trimethylsuccinic  acid 
(XIX)  and  carbon  dioxide. 

r  I 

SjC  C  C02H  H  HC.C02H 

H3C .  d) .  CH3   ►      H3C .  (!) .  CH3        +        H3C .  C .  CH3 

C02H  io2H  C02H 

(XVII)  (XVIII)  (XIX) 


It  follows  from  the  formation  of  camphoronic  acid  that  cam- 
phor and  camphoric  acid  must  contain  the  skeleton  (XX).  The 
recognition  by  Bredt  of  the  correct  formula  for  camphoronic 
acid  was  of  fundamental  importance,  since  it  showed  for  the 
first  time  that  the  isopropyl  group,  appearing  in  such  degrada- 
tion products  as  p-cymene,  formed  part  of  the  ring  structure  of 
the  parent  ketone. 

CH3 

■C  C  c- 

H3C — d — CH3 


(XX) 

(ix)  Distillation  of  the  calcium  salt  of  homocamphoric  acid 
yields  camphor  (see  (vii)  above) ;  camphoric  acid  must  therefore 
be  a  derivative  of  either  glutaric  or  adipic  acid,  since,  if  it  were 
a  succinic  acid  derivative,  a  ring  ketone  would  not  be  formed. 
It  is  in  all  probability  a  substituted  glutaric  acid,  as  the  hydroxy 
acid  (XXI)  prepared  from  a-bromocamphoric  acid  (XVI)  passes 
readily  into  a  lactone,  camphanic  acid  (XXII). 


*  J.C.S.  1897,  71,  1169. 
f  Ber.  1893,  26,  3047. 
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(XXII) 


This  view  receives  support  from  the  observation  of  Balbiano,* 
that  camphoric  acid  on  oxidation  with  potassium  permanganate 
yields  amongst  other  substances  a  dibasic  acid,  C8H1205, 
generally  known  as  Balbiano's  acid.  This  acid,  which  gives  on 
reduction  with  hydriodic  acid  a/3/^trimethylglutaric  acid,  has 
been  shown  by  Bardhanf  to  be  the  ke tonic  dibasic  acid  (XXIII), 
its  formation  from  camphoric  acid  (V)  being  assumed  by  him  to 
proceed  in  accordance  with  the  scheme  given  below,  although 
none  of  the  intermediate  products  have  been  isolated  and  it 
presents  many  unusual  features. 
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(XXIII) 


(x)  Direct  proof  of  the  presence  of  a  c^/dopentane  ring 
structure  in  camphoric  acid  has  been  obtained  in  two  ways. 

(a)  Bornyl  chloride  (XXIV)  gives  on  oxidation  with  nitric 
acid  db^ocamphoric  acid  (XXV)  J  and  this  acid  has  been  prepared 
synthetically  by  Komppa.§ 

(6)  Dehydrohomocamphoric  acid  (XV)  gives  on  oxidation  with 
potassium  permanganate  the  ketonic  acid,  camphononic  acid, 
C9H1403  (XXVI).  1 1  This  acid  has  been  prepared  also  by  an 

*  Ber.  1897,  30, 1901;  1899,32,  1017;  Gazzetta,  1899,  29,  n,  490;  1902,32, 1,485. 
t  J.C.8.  1928,  p.  2604.  %  Gardner  and  Cockburn,  ibid.  1898,  73,  278. 

§  Ber.  1901,  34,  2472.  ||  Lapworth,  J.C.S.  1900,  77,  1070. 
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indirect  method  from  aa' -dibromocamphor  (XXVII).  It  was 
found  by  Lapworth  and  Chapman*  that  when  this  dibromide 
was  oxidised  with  nitric  acid  in  the  presence  of  silver  nitrate  a 
tribasic  acid,  homocamphoronic  acid,  C10H16O6  (XXVIII),  was 
obtained,  the  anhydride  of  which,  when  heated  at  200-260°, 
gave  camphononic  acid  (XXVI).  For  reasons  to  be  discussed 
later,  homocamphoronic  acid  must  be  represented  by  formula 
(XXVIII),  its  formation  involving  a  molecular  rearrangement. 


CH, 


H2C- 


(XXIV) 
CH, 


CHC1 


CH, 


H,C- 


HNO, 


H3C .  C .  CH3 


HoC 


H2C 


H3C.i.( 
 C: 


KMnO, 


H2C 


(XXV) 
CH3 

 c. 

H3C.C.CH 


C02H 


•CO 


(XV) 


(XXVI) 
I  CH3 
 C.C( 


(XXVII) 


H3C .  C .  CH3 

C02H 

C!02H 
(XXVIII) 


Since  only  adipic  acids  (or  substituted  adipic  acids)  are  con- 
verted into  ketones  under  the  conditions  used  by  Lapworth  and 
Chapman,  it  follows  that  camphononic  acid  must  contain  a 
q/dopentane  ring.f 

The  Bredt  formulae  for  camphor  (IV)  and  camphoric  acid  (V), 
which  account  in  a  simple  manner  for  all  the  reactions  discussed 
above,  have  been  confirmed  by  the  synthesis  of  c?Z-camphoric 


*  J.C.8.  1899,  75,  986. 

f  A  cycZohexane  could  result  under  the  same  conditions,  but  this  is  ruled  out  by 
other  considerations,  since  homocamphoronic  acid  can  be  converted  into  camphoronic 
acid,  which  is  known  to  be  aajS-trimethyltricarballylic  acid  (p.  311). 


314  CAMPHANE,  iSOCAMPHANE  pt.  i 

acid,  which  was  effected  practically  simultaneously  by  Komppa* 
and  by  Perkin  and  Thorpe. f  The  Komppa  synthesis,  which 
involves  a  comparatively  simple  series  of  reactions,  starts  from 
ethyl  pfS-dimethylglutarate  (XXIX)  and  proceeds  in  accordance 
with  the  scheme : 

CH3 

,C2H5      H2C .  C02C2H5       OC  CH .  C02C2H5         OC  C .  C02C2H5 


H2C.C02C2H5  *OC 
(XXIX) 


C.C02H  H2C  Lc09U  HOHC 


H3C. 


H.C 

i  H2 


!.i.CH3       HBr  H3C.i.CH3 
.C02H  "  HC=C.C02H 


H3C .  C .  CHa 

I 


CH 

2C  C.C02H 

H3C .  k .  CH3 
 iH.C09H 


(V) 

The  Perkin-Thorpe  synthesis,  which,  like  that  of  Komppa, 
leaves  no  doubt  as  to  the  constitution  of  the  final  product, 
involved  very  great  experimental  difficulties  and  the  yield  of 
the  synthetic  acid  was  extremely  small.  By  the  action  of  acetic 
anhydride  on  the  sodium  salt  of  aa-dimethylbutane-afiy -tri- 
carboxylic acid  (XXX)  2  :  2-dimethylcyclopentan-S-one  carboxylic 
acid  (XXXI)  was  prepared,  the  ethyl  ester  of  which  gave  on 
treatment  with  magnesium  methyl  iodide  a-campholactone% 
(XXXII).  From  this,  by  the  action  of  hydrogen  bromide, 
S-bromo-2  :  2  :  S-trimethylcyclopentane  carboxylic  acid  (XXXIII) 
was  prepared,  which  gave  with  potassium  cyanide  the  nitrile 
(XXXIV).  When  this  nitrile  was  hydrolysed  e^-camphoric  acid 
(V)  was  obtained. 

*  Ber.  1903,  36,  4332;  Annalen,  1909,  370,  225. 
f  J.C.8.  1904,  85,  146;  1906,  89,  799. 

%  For  a  discussion  of  the  constitution  of  this  lactone  and  its  conversion  into 
oc-campholytic  acid  see  p.  417. 
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H02C.CH2  C02H 
H3C .  C .  CH3 
 CH.COJH 


H2a 


Hp 


H2C 


 CO 

H3C .  C .  CH3 

I 


H3C.C.CH3 
 CH  


CO 


(XXX) 


CH, 


1 


C02H 


H2C 


H3C .  C .  CH3 
 CH.CO,H 


H2C- 


(XXXI) 
CH3 
 c — 


CN 


Ho 


H,C.C. 


H2a 


(XXXII)  I 
CH3 

-i 


Br 

H3C.C.CH3 
 CH.CO.H 


(V) 


(XXXIV) 


(XXXIII) 


eW-Camphoric  acid  can  be  readily  resolved  into  its  optical 
enantiomorphs*  and  the  two  syntheses  of  the  acid  outlined 
above  imply  therefore  a  synthesis  of  d-  and  Z-camphoric  acids.  | 
Further,  since  camphoric  acid  can  be  converted  into  camphor 
(p.  310),  a  complete  synthesis  of  d-,  I-  and  dZ-camphors  has  been 
effected. 

Whilst  the  constitution  of  camphor  has  thus  been  rigidly 
established,  it  behaves  in  many  of  its  reactions  in  an  abnormal 
manner  and  some  of  the  more  important  molecular  rearrange- 
ments which  it  and  its  derivatives  undergo  will  be  discussed  in 
the  sequel. 

Camphor  can  be  readily  identified  by  the  preparation  of  the 
oxime,  m.p.  119-5°,  or  the  semicarbazone,  m.p.  245°.  Since  most 
of  the  derivatives  of  d-,  I-  and  e^-camphor  have  the  same 
melting-points,  it  is  of  interest  to  note  that  the  phenylsemi- 
carbazones  show  a  marked  difference,  the  d-  and  Z-forms  melting 
at  153-154°  and  the  dl-  at  171-5-172-5°4 

Camphor  has  a  curious  and  very  characteristic  odour;  it 
crystallises  in  thin  plates  and  sublimes  readily  at  the  ordinary 
temperature.  The  d-  and  ^-modifications  melt  at  178-5-179°  and 
the  dl-  at  178-178-5°,  b.p.  209-l°/759  mm.,  d°0l  1-000.  d-Camphor 
is  optically  active  in  the  solid,  liquid  and  gaseous  phases  and  its 
rotatory  power  varies  considerably  with  the  nature  of  the  solvent 

*  Debierne,  Compt.  rend.  1899, 128,  1112;  Beckmann,  Ber.  1909,  42,  487. 
t  Komppa  resolved  his  synthetic  acid  and  converted  the  dextrorotatory  modi- 
fication into  d-camphor. 

t  Morani,  Gazzetta,  1928,  58,  404. 
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and  with  the  concentration  of  the  solution,*  in  ethyl  alcohol 
[a]n  ±  44-22°  (c  =  20)  has  been  observed  by  Beckmann.f 
Camphor  and  its  derivatives  have  been  used  extensively  in 
investigations  of  rotatory  dispersion  and  of  the  effect  of  structure 
on  optical  rotatory  power,  more  especially  by  Lowry,  Rupe, 
Tschugaev  and  their  collaborators. 

Since  the  camphor  molecule  is  not  symmetrical  it  contains  two 
centres  of  asymmetry  shown  in  clarendon  type  in  the  skeleton 
formula  (XXXV),  but,  as  has  been  pointed  out  by  Aschan,{  this 
asymmetry  is  occasioned  solely  by  the  carbonyl  group  and  the 
ketone  can  therefore  only  exist  in  two  optical  enantiomorphs. 
The  correctness  of  this  is  confirmed  by  the  fact  that,  when 
c?-camphor  is  reduced  to  the  saturated  hydrocarbon,  camphane 
(XXXVI),  this  is  found  to  be  optically  inactive.  This  is  in 
accordance  with  theory,  since  the  camphane  molecule  contains 
no  centre  of  asymmetry.  § 

a  CHo  CHo 

I  I 

C  G  H,C  C- 


CH2 


H3C .  C .  CH3 

I 

 CH  — 


CO 


CH, 


H>C- 


CH> 


H20 


oC .  C .  CHo 


CH2 


(XXXV) 


(IV) 


(XXXVI) 


The  absorption  spectrum  of  camphor  has  been  studied  by 
Baly,  Marsden  and  Stewart,  ||  by  Hartley, If  by  Lowry  and 
Desch,**  by  Hantzsch|f  and  by  Henderson,  Henderson  and 
Heilbron.Jt  It  shows  the  same  general  absorption  as  other 
ketones,  such  as  acetone,  menthone  and  fenchone.  The  absorp- 
tion spectra  of  a  large  number  of  camphor  derivatives  have  been 
examined  also  by  Lowry  and  his  collaborators.  §§  The  heat  of 
combustion  has  been  determined  by  a  number  of  investigators, 

*  Compare  inter  al.  Landolt,  Annalen,  1877,  189,  333. 
f  Annalen,  1889,  250,  352. 
%  Ibid.  1901,  316,  212. 

§  The  question  of  the  strain  in  the  camphor  molecule  has  been  discussed  by 
Hiickel  {Annalen,  1927,  455,  123). 

||  J.C.S.  1906,  89,  980.  H  Ibid.  1908,  93,  963. 

**  Ibid.  1909,  95,  815.  ft  Ber.  1912,  45,  3206. 

X%  Ibid.  1914,  47,  881. 

§§  Inter  al.  J.C.S.  1924,  125,  1921;  1926,  p.  606. 
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the  most  recent  value,  1412-7  Kg.  cals,  being  due  to  Roth  and 
Ostling.*  The  very  high  freezing-point  depression  constant,  Z400°, 
which  is  shown  by  camphor,  has  led  to  its  use  as  a  solvent  in 
molecular  weight  determinations,  an  extremely  simple  and 
accurate  method  having  been  devised  by  Rast.f 

Camphor  is  sparingly  soluble  in  water,  but  readily  so  in  the 
majority  of  organic  solvents,  in  concentrated  sulphuric  acid  J 
and  in  liquid  sulphur  dioxide. §  When  camphor  is  thrown  on  to 
water  it  shows  the  curious  property  of  rotating  rapidly. 

Apart  from  its  formation  from  aminocamphene  and  hydroxy  - 
camphene  referred  to  on  p.  255,  d-camphor  has  only  been 
prepared  by  the  oxidation  of  d-borneol  and  l-isobomeol,  /-cam- 
phor being  obtained  by  the  oxidation  of  the  corresponding 
optical  enantiomorphs.  It  is  of  great  technical  importance, 
and  is  used  largely  in  the  manufacture  of  celluloid,  smokeless 
powders,  explosives  and  for  medicinal  purposes;  and,  in  ad- 
dition to  being  obtained  from  natural  sources,  it  is  now  manu- 
factured on  a  considerable  scale  from  pinene.  The  so-called 
"synthetic"  camphor  is  as  a  rule  optically  inactive,  although  it 
is  possible,  by  using  pinene  of  high  rotatory  power,  to  obtain 
either  d-  or  /-camphor  in  an  optically  pure  state.  For  the  manu- 
facture of  camphor  there  are  two  general  processes,  both  of 
which  start  from  bornyl  chloride.  In  the  first  (scheme  (a))  the 
bornyl  chloride  is  converted  into  camphene  by  the  removal  of 
hydrogen  chloride  and  this  is  then  oxidised  to  camphor.  In  the 
second  (scheme  (6))  the  camphene  is  hydrated  to  ^oborneol, 
which  is  then  oxidised  catalytically  to  the  ketone. 

(a)  Pinene  ->  Bornyl  chloride  ->  Camphene  ->  Camphor. 
(6)  Pinene  ->  Bornyl  chloride  ->  Camphene  -»  ^'soBorneol 

->  Camphor. 

The  latter  method,  although  it  involves  an  extra  stage,  is  the 
one  most  generally  adopted,  since  it  has  been  found  to  be  the 
more  economic.  Consideration  of  the  details  of  the  various 
reactions  lies  outside  the  scope  of  this  book,  but  an  excellent 
account  has  been  given  recently  by  Aschan.|| 

*  Ber.  1913,  46,  313. 

t  Ibid.  1922,  55,  1051;  compare  Le  Fevre  and  Tideman,  J.G.8. 1931,  1729. 
j  Marsh  and  Hartridge,  J.C.S.  1898,  73,  853. 
§  Centnerszwer,  Z.  Phys.  Chem.  1903,  46,  478. 

||  Die  Naphtenverbindungen,  Terpene  und  Campherarten,  pp.  163-173. 
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Before  proceeding  to  discuss  the  properties  of  camphor,  it  is 
necessary  to  refer  to  the  nomenclature  used  in  describing  its 
substitution  products.  Substituting  groups  take  up  three  posi- 
tions, which,  in  the  older  literature,  are  always  designated  a,  j3 
and  77 ;  more  recently  numerals  have  been  used. 


-CO 


C—C— c 


It  will  be  obvious  that  a  corresponds  to  3,  j8  to  10  and  tt  to  8 
or  9.  The  two  hydrogen  atoms  attached  to  the  ce-carbon  atom 
are  not  stereo-chemically  equivalent,  so  that  two  isomeric  a- 
substitution  products  can  theoretically  exist  and  have  actually 
been  prepared.  The  same  holds  true  in  the  case  of  other  substitu- 
tion products,  but  isomerides  have  not  been  prepared.  It  will  be 
convenient  to  discuss  here  the  debated  question  of  the  constitu- 
tion of  the  jS-substitution  products.  The  actual  position  of  the 
substituting  group  has,  in  this  case,  been  the  subject  of  con- 
siderable discussion  and  until  recently  the  general  concensus  of 
opinion*  was  that  it  was  attached  to  carbon  atom  6.  More 
recently  evidence  has  been  adduced  which  seems  to  show  con- 
clusively that  the  /3-substitution  actually  occurs  at  carbon 
atom  10. 

In  1902  Forster  prepared  a  new  bromocamphor,  m.p.  78°, 
[a]D  +19°  (in  alcohol).  This  substance  was  obtained  by  the 
action  of  bromine  on  hydroxycamphene,  which  had  itself  been 
prepared  by  a  somewhat  lengthy  series  of  operations,  which  need 
only  be  summarised  here,  since  some  have  been  discussed  already 
on  p.  255,  whilst  others  will  be  referred  to  later  on  p.  320.  From 
d-camphoroxime  (XXXVII),  bromonitrocamphane  (XXXVIII) 
was  prepared,  which  gave  by  the  action  of  silver  nitrate  a  nitro- 
camphene,  which  must  be  either  (XXXIX)  or  (XXXIX  a).  This 


*  Compare  Kipping  and  Pope,  J.C.S.  1895,  67,  371;  Kipping,  ibid.  1896,  69,  913; 
Forster,  ibid.  1902,  81,  267;  Armstrong  and  Lowry,  ibid.  1469. 
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nitrocamphene  yields  on  reduction  aminocamphene  (XL)  or 
(XL  a),  from  which,  by  the  action  of  nitrous  acid,  hydroxy- 
camphene  (XLI)  or  (XLI  a)  is  obtained.*  It  was  from  this 
alcohol  that  the  new  bromocamphor  was  prepared  by  the  action 
of  bromine. 


H,C- 


CH3 


C :  NOH  HjC- 


CH3 
■C— 


C:CH2 

\ 


ILC 


HoC  .  C  .  CHq 

-in- 


H.C.C. 


CHL 


Br 

N02 


H2C 


-C.N02 


c.c.c 


-CH  CH2  I      HjC  CH  CH2 

(XXXVII)  (XXXVIII)     \      /  (XXXIX) 


C:CH, 


C :  CH, 


H,C.C.CH 

I 

CH  CH 


C:CH2 


CH.NO 


CH  CH, 

(XXXIX  a) 


CHOH 


(XLI)  (XLI  a) 

There  can  be  no  doubt  that  it  is  a  true  derivative  of  camphor, 
since  it  yields  camphor  on  reduction  with  zinc  dust  and  a- 
campJiolenic  acid  (XLIII)  on  treatment  with  alkali.  This  latter 
reaction  was  interpreted  as  proceeding  in  the  following  manner, 
the  bromine  atom  in  the  bromocamphor  being  in  position  6 
(XLII).  It  was  suggested  by  Forster  that,  if  it  were  attached  to 
the  carbon  atom  10  (XLIV),  this  reaction  would  be  very  much 
less  likely  to  take  place. 

Simultaneously  and  by  an  entirely  different  series  of  reactions 
Armstrong  and  Lowryf  prepared  the  same  bromocamphor. 

*  Forster,  J.C.S.  1901,  79,  644.  f  J-&S.  1902,  81,  1469. 
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Some  years  before  Reychler*  had  shown  that  camphor  could  be 
sulphonated  in  acetic  anhydride  solution  to  yield  a  well-defined 
crystalline  sulphonic  acid,  generally  known  as  Reychler's 
camphor  sulphonic  acid  (XLV).  Armstrong  and  Lowry  found 
that,  when  the  sulphobromide  of  this  acid  was  heated,  it  was 
converted  into  Forster's  bromocamphor.  On  oxidation  with 
nitric  acid  a  bromocamphoric  acid  was  obtained,  whilst  with  the 
same  reagent  in  the  presence  of  silver  nitrate  ^ocamphoronic 
acid  (XLVII)  was  formed.  The  isolation  of  the  latter  acid  was 
regarded  as  conclusive  proof  that  the  bromocamphor  must  have 
formula  (XLII)  and  the  bromocamphoric  acid  (XL VI). 

CH3  CH3 
CO       HOHC  CH      COM       HC  C  CO,H 


BrHC- 


CH3 

•C — 

I 


HqC  .  C  .  CHq 

(XLII) 


CH2 


K, 


H3C .  C .  CH3 
 CH  


CH9 


H2C 


H3C .  C .  CH3  I 
 CH  CH2 


CH2Br 
-C  CO 


HO,S.HC- 


CH3 
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H2C 


H3C.C.CH, 
I 


CH  CH, 


H2C 


H3C .  C .  CH3 
 CH — ■ 


(XLIII) 


CO 


CH, 


(XLIV) 


(XLV) 


H,C 


I 

HoC .  C .  CH, 


C09H 


CH, 


BrHC- 


CH3 



H3C .  C .  CHa 


CO 


BrHC- 


CHa 
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CH  CH 


H2C 


C02H 
H3C .  C .  CH3 
 CH.CO,H 


(XLVII) 


(XLII) 


(XLVI) 


In  1923,  however,  Wedekind,  Schenk  and  Stiisserf  showed  by 
an  elegant  series  of  reactions  that  Reychler's  acid  actually  had 
the  sulphonic  group  in  position  10  and  that  it  must  be  repre- 
sented by  formula  (XLVIII).  When  the  sulphochloride  of  the 
acid  is  treated  with  triethylamine  or  with  pyridine,  10-chloro- 
camphor  sulphoxide,  C10H13O2ClS,  m.p.  85°,  [a]D  —  136-2°,  is 
obtained.  The  constitution  of  this  sulphoxide  (XLIX)  was 
proved  (i)  by  its  nitration  to  10  :  10-dinitro-lO-chlorocamphor  (L), 


*  Bull.  Soc.  chim.  1898  [iii],  19,  120. 


f  Ber.  1923,  56,  633. 
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m.p.  150-5°,  [a]D  —  55-4°,  and  (ii)  by  the  hydrolysis  of  this  and 
the  direct  oxidation  of  the  sulphoxide  to  ketopinic  acid  (LI). 
Confirmation  of  the  structure  of  the  sulphoxide  was  obtained  by 
a  study  of  its  reaction  with  phenylhydrazine,  when  the  pyrazolone 
derivative  (LII)  was  formed. 

CH2.S03H  CH2.S02C1 
H,C  C— — CO  H,C  C- 


HgC .  C .  CHj 

 CH  — 


CH„ 


H3C .  C .  CH3 

I 

 CH  — 


CO 


CH, 


H2C- 


C1.C:S:0 
 C  CO 


(XLVIII) 


H3C .  C .  CH3 

 CH  CH2 

(XLIX) 


N.C6H5 
OSiC^N 


h2c- 


H20 


HqC  .  C  .  CHq 


CH, 


(LII) 


/  I 

|HN03 

C1.C:(N02)2 

H,C  C  CO 


The  conclusion  that  Reychler's  acid,  and  also  the  Forster- 
Armstrong-Lowry  jS-bromocamphor,  contain  the  substituent  in 
the  10-position,  has  been  reviewed  by  Burgess  and  Lowry.* 
They  conclude  that  this  must  be  the  case,  although,  as  they 
point  out,  there  is  no  single  reaction  in  which  /3-bromocamphor 
behaves  as  if  it  contained  the  grouping  — CH2Br.  It  has  never 
been  converted  into  the  corresponding  primary  alcohol  and 
all  attempts  to  do  so  result  in  the  formation  of  a-campho- 
lenic  acid.f  In  the  sequel  the  /2-camphor  derivatives  will  be 
formulated  as  containing  the  substituent  group  in  the  10-posi- 
tion, but  to  quote  Burgess  and  Lowry,  "the  conclusion  appears 

*  J.C.8.  1925,  127,  279;  compare  Lipp  and  Lausberg,  Annalen,  1924,  436,  274. 

t  Equally  remarkable  is  the  fact  that  j3-bromocamphoric  acid  (XLVI)  cannot  be 
oxidised  to  a  tricarboxylic  acid,  since  unless  some  molecular  rearrangement  has 
occurred  this  acid  must  be  represented  by  the  formula 

CHjBr 


H3C .  C .  CH3 
 CH.C( 
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inevitable  that  there  must  be  some  link  between  the  6-  and 
10-positions,  which  is  not  indicated  by  the  conventional  formulae, 
just  as  there  must  be  some  connection  between  the  ketone  and 
the  gem-dimethyl  group  (or  some  mechanism  which  involves 
both  groups:  see  Armstrong  and  Lowry,  J.C.S.  1902,  81,  1409) 
to  account  for  the  7r-sulphonation  of  camphor.  The  nature  of  this 
connection  is  not  yet  clear,  but  it  would  be  shirking  the  facts  not 
to  recognise  that  there  is  still  a  problem  to  solve,  even  when  the 
admission  has  been  made  that  the  /3-series  of  compounds  are  all 
10-derivatives  of  camphor". 

The  early  experiments  on  the  reduction  of  camphor,*  in- 
volving as  they  did  the  use  of  acid  reagents  (hydriodic  acid)  and 
high  temperatures,  did  not  yield  camphane  but  mixtures  of 
monocyclic  hydrocarbons,  the  exact  nature  of  which  has  not 
been  determined.  The  reduction  to  the  stereoisomeric  secondary 
alcohols,  borneol  and  ^oborneol,  was  first  carried  out  by 
Berthelotf  by  the  action  of  an  alcoholic  solution  of  potassium 
hydroxide,  a  reaction  which  can  be  more  readily  effected  by 
sodium  in  a  neutral  solvent  J  (see  p.  289).  More  recently  the 
catalytic  hydrogenation  of  camphor  has  been  studied.  Although 
camphor  cannot  be  reduced  readily  by  the  Sabatier-Senderens 
process, §  Ipatiev||  has  shown  that,  in  the  presence  of  nickel  oxide 
at  320-350°,  hydrogenation  does  occur  if  a  high  pressure  is  used, 
a  mixture  of  borneol  and  isoborneol  being  obtained.  If,  however, 
a  catalyst  consisting  of  a  mixture  of  nickel  oxide  and  alumina  is 
employed,  then  ^socamphane  is  formed.  There  would  appear  to 
be  no  doubt  (compare  p.  293)  that,  in  this  latter  reaction,  the 
alcohols  which  are  first  formed  undergo  dehydration  to  camphene, 
which  is  then  reduced.  Vavon  and  PeignierU  have  found  that, 
although  the  reaction  proceeds  somewhat  slowly,  camphor  can 
be  hydrogenated  at  the  ordinary  temperature  in  the  presence  of 
platinum  black.  Very  little  borneol  is  formed,  ^oborneol  being 

*  Weyl,  Ber.  1868, 1, 94;  Berthelot,  Bull.  Soc.  chim.  1869  [ii],  11,  98 ;  Markownikov, 
Ber.  1897,  30,  126. 

In  the  majority  of  the  investigations  to  be  discussed  d-camphor  has  been  used. 
This  will  be  assumed  to  be  the  case  unless  the  contrary  is  stated, 
t  Annalen,  1859, 110,  368. 
%  Baubigny,  Compt.  rend.  1866,  63,  221. 
§  Compare,  however,  G.P.  213154. 
||  Ber.  1912,  45,  3206. 
11  Compt.  rend.  1925, 181,  184. 
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the  main  product.  If  the  hydrogenation  is  prolonged,  complete 
reduction  to  camphane  takes  place.  By  the  reduction  of  cam- 
phor with  sodium  in  moist  ethereal  solution  Beckmann*  obtained, 
in  addition  to  isobomeol  and  borneol,  a  pinacone,  m.p.  157-158°, 
[a]D  —  27-2°,  which  he  represented  by  (LIU). 


H,C  C- 


CH3 


CH, 


I 

H}C  .  C  .  CHg 

 CH  — 


C(OH)  (HO)C- 


-CH, 


CH2 


H,C.C. 


CH, 


(LIII) 


Being  a  saturated  dicyclic  ketone  camphor  is  comparatively 
resistant  to  the  action  of  oxidising  agents.  It  is  probable  that, 
in  alkaline  solution  at  any  rate,  it  is  the  enolic  form  of  the 
ketone  (LIV)  which  undergoes  oxidation,  camphorquinone  (LV) 
being  an  intermediate  stage  in  its  oxidation  to  camphoric  acid. 
The  further  products  of  the  oxidation  are  as  a  rule  degradation 
products  of  this  acid,  which,  in  view  of  its  importance,  is  dis- 
cussed in  detail  later  (p.  396). 
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Oxidation  in  dilute  alcoholic  solution  in  the  presence  of  sun- 
light has  been  found  by  Ciamician  and  Silberf  to  give  a  complex 
mixture  of  substances,  from  which  they  have  been  successful  in 
separating  a-campholenaldehyde  (LVI),  identified  by  oxidation 

*  Ber.  1889,  22,  912;  1894,  27,  2348;  J.  pr.  Chem.  1897  [ii],  55,  35;  Annalen,  1896, 
292  1 
{  Ber.  1910,  43,  1341. 
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to  a-campholenic  acid  (LVII)  and  an  unsaturated  ketone, 
CI0H16O,  b.p.  203-204°,  semicarbazone,  m.p.  151-152°.  The 
constitution  of  this  ketone  was  not  determined. 


HC: 


 0  CHO 

HqC  .  k .  CH< 


HC= 


CHa 


H2C 


H3C  .  C  .  CHg 

 CH  — 


OIL 


(LVI) 


(LVII) 


By  the  action  of  Caro's  reagent  Baeyer  and  Villiger*  obtained 
a  mixture  of  a-campholide  (LVIII)  and  a  lactone,  C10H16O4,  m.p. 
189-191°.  The  constitution  of  this  lactone  has  not  been  deter- 
mined, but  Locquinf  has  shown  that,  when  it  is  warmed  with 
dilute  sulphuric  acid  or  phosphoric  acid,  it  yields  a  ketone, 
C9H140,  b.p.  82-86°/10  mm.,  d^l  1-062,  semicarbazones ,  m.p.  198° 
and  150°.  This  ketone  must  be  1:1:2:  5-tetramethyl-A4:-cyclo- 
penten-3-one  (LIX),  since  it  gives  on  oxidation  with  potassium 
permanganate  y-keto-afifi-trimetliylvaleric  acid  (LX),  which  was 
identified  by  its  oxidation  with  sodium  hypobromite  to  trimetliyl- 
succinic  acid  (LXI). 
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Kachler %  found  that  camphor  was  only  very  slowly  attacked 
by  chromic  acid,  but  on  prolonged  warming  a  mixture  consisting 
essentially  of  camphoronic  acid  (LXII)  and  isocamphoronic  acid 
(LXIII)  was  obtained.  Both  these  acids  have  been  prepared 
synthetically,  the  former  by  Perkin  and  Thorpe§  and  the  latter 
by  Perkin.  || 

More  recently  BredtH  has  shown  that  if  the  oxidation  is  carried 
out  in  acetic  acid  solution  in  the  absence  of  mineral  acids 


m 

*  Ber.  1899,  32,  3625. 
%  Ber.  1880, 13,  487. 
II  Ibid.  1902,  81,  246. 


m 

f  Compt.  rend.  1911, 153,  284. 

§  J.C.S.  1897,  71,  1169. 

H  J.  pr.  Chem.  1923  [ii],  106,  336. 
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-p-diketocamphane  (LXIV)  is  obtained.  The  oxidation  proceeds 
therefore  in  an  exactly  analogous  manner  to  that  of  bornyl 
acetate  (p.  296).  Potassium  permanganate  does  not  attack 
camphor  in  neutral  solution,  but  in  alkaline  solution  camphoric 
acid  is  obtained,*  the  same  acid  being  formed  also  by  the  action 
of  potassium  ferricyanide.f  As  has  been  mentioned  on  p.  306,  it 
was  observed  many  years  ago  that  camphor  was  oxidised  by 
concentrated  nitric  acid  to  camphoric  acid ;  the  products  of  this 
oxidation  have  been  the  subject  of  repeated  study {  and,  in 
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addition  to  camphoric  acid,  camphoronic,  ^ocamphoronic, 
trimethylsuccinic  and  dimethylsuccinic  acids  have  been  found 
to  be  formed.  A  remarkable  oxidation  product,  benzene  penta- 
carboxylic  acid,  is  stated  by  Schrotter  and  Weitzenb6ck§  to 
result  when  camphor  is  first  treated  with  concentrated  sulphuric 
acid  in  the  presence  of  mercury  and  then  warmed  with  nitric 
acid.  Since  the  acid  contains  eleven  carbon  atoms  it  is  obvious 
that  condensation,  accompanied  by  molecular  rearrangement, 
must  precede  the  oxidation  and  the  mechanism  of  the  reaction 
is  obscure. 

*  Grosser,  Ber.  1881,  14,  2507. 

f  Etard,  Compt.  rend.  1900,  130,  570. 

t  Inter  al.  Kachler,  Annalen,  1871,  159,  286;  1878,  191,  148;  Ber.  1880,  13,  487; 
Kullhem,  Annalen,  1872,  163,  232;  Roser,  Ber.  1885,  18,  3112;  Bredt,  ibid.  1893, 
26,  3047. 

§  Monatsh.  1908,  29,  396,  749. 
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THE  HALOGEN  DERIVATIVES  OF  CAMPHOR 

By  the  direct  halogenation  of  camphor  substitution  of  the 
hydrogen  atom  attached  to  the  a-  (or  3-)  carbon  atom  occurs 
readily  with  the  formation  of  monohalogenated  derivatives. 
Such  substituted  camphors  should  exist  in  two  stereoisomeric 
modifications  which  may  be  represented  by  formulae  (I)  and 
(I  a),  where  R  =  CI  or  Br,  and  it  is  further  obvious  that 
disubstitution  products  with  different  substituents  attached  to 
this  carbon  atom  should  exist  also  in  two  modifications,  (II)  and 
(II  a).  Owing  mainly  to  the  ingenious  experiments  of  Lowry  and 
his  collaborators  many  of  these  isomerides  have  been  prepared 
and  their  reactions  investigated. 
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By  the  chlorination  of  camphor  in  alcoholic  solution  Cazeneuve* 
prepared  a  chlorocamphor,  m.p.  92-95°,  [a]D  +  90°  (in  alcoholic 
solution),  the  same  substance  being  obtained  also  by  Schiff  and 
Pulitif  and  by  BalbianoJ  by  heating  chlorocamphorcarboxylic 
acid  (III).  Since  this  chlorocamphor  gives  on  reduction  camphor, 
and  on  oxidation  with  potassium  permanganate  camphoric  acid, 
it  must  be  represented  by  formula  (IV),  substitution  having 
taken  place  at  the  a-  (3-)  carbon  atom. 

Both  Cazeneuve  and  Balbiano  obtained  evidence  of  the 
presence  of  an  isomeric  monochlorocamphor  having  a  higher 

*  Bull.  Soc.  chim.  1882  [ii],  37,  454;  38,  9;  1883  [ii],  39,  116,  501. 

t  Ber.  1883,  16,  888. 

j  Gazzetta,  1887,  17,  96,  243. 
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melting-point  and  a  different  rotatory  power,  but  this  substance 
was  first  prepared  in  a  pure  state  by  Lowry  and  Steele.* 
Kipping  f  had  made  the  interesting  observation  that  alcoholic 
solutions  of  both  a-chloro-  and  a-bromocamphors  showed  muta- 
rotation  when  alkali  was  added.  This  change  in  rotatory  power 
was  due  to  the  formation  of  an  equilibrium  mixture  of  the  two 
stereoisomeric  modifications  of  the  monosubstituted  halogen 
derivatives,  a-  and  a'-monochlorocamphors.  By  a  prolonged 
fractional  crystallisation  of  an  alcoholic  solution  of  a-chloro- 
camphor,  which  had  been  isomerised  by  the  addition  of  a  trace 
of  sodium  ethylate,  Lowry  and  Steele  succeeded  in  separating 
the  more  soluble  a'-chlorocamphor. 

CH3                              CH3  CH3 
H,C  C  CO         H>C  i  CO         H9C  A— — CO 


H„C.C.CH 


CI 


<   HoC.C.CHq 

I         I  /CI 

CH,  H2  HoC  CH  CHC1      H2C  CH  C< 

XCC 

(IV)  (III) 


a-Chlorocamphor  melts  at  94°,  [a]D  +  96-2°  (in  alcohol,  c  =  5), 
whilst  the  very  much  more  readily  soluble  a'-chlorocamphor  melts 
at  117°,  [a]D  +  35°  (in  alcohol,  c=5).  The  latter  is  somewhat 
unstable  and  on  keeping  tends  to  lose  hydrogen  chloride.  If,  to 
a  concentrated  alcoholic  solution  of  a'-chlorocamphor,  a  drop  of 
sodium  ethylate  be  added  isomerisation  occurs,  and  the  more 
sparingly  soluble  a-chlorocamphor  crystallises  from  the  equili- 
brium mixture.  In  dilute  solution  the  change  can  be  followed  by 
observing  the  mutarotation.  The  following  figures  quoted  from 
Lowry  and  Steele's  memoir  will  serve  to  make  this  clear: 

a5461 

a5461  After  addition 

Without  alkali  of  alkali 

a-Chlorocamphor  +  2-42°  +  2-29° 

a'-Chlorocaniphcr  +  0-92°  +  2-28° 

Results  of  considerable  interest  have  accrued  from  a  study  of 
the  bromination  of  the  two  chlorocamphors.  By  the  action  of 
bromine  on  a-chlorocamphor  (V)  Lowryt  obtained  an  iso- 
morphous  mixture  of  two  chlorobromocamphors  and  the  same 

*  J.C.S.  1915, 107,  1382.    f  Proc.  C.S.  1905,  21,  124.    $  J.C.8.  1898,  73,  569. 
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mixture  was  obtained  by  the  chlorination  of  a-bromocamphor 
(VI)  (p.  333).  The  two  isomerides  a' -chloro-a-bromocamphor  (VII), 
[a]D  +  64°,  and  a-chloro-a -bromocamphor  (VIII),  [a]D  +  10°, 
were  not  obtained  quite  pure. 
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The  same  mixture  of  isomerides  was  obtained  by  the  bromina- 
tion  of  a'-chlorocamphor  (IX)  and  this  result  supports  Lapworth's 
theory,*  that  the  halogenation  in  this,  and  in  other  analogous 
cases,  proceeds  through  the  enolic  form. 
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On  the  other  hand,  the  nitration  of  a-chlorocamphor  and 
a'-chlorocamphor  appears  to  proceed  in  a  more  simple  manner. 
Thus  a-chlorocamphor  yields  a-chloro-a' -nitrocamphor,  whilst 
a'-chlorocamphor  gives  a'-chloro-a-nitrocamphor,  the  chlorination 
of  a-nitrocamphor  (p.  340)  giving  a'-chloro-a-nitrocamphor.  The 
properties  of  these  derivatives  are  shown  in  the  following  table. f 


*  J.C.S.  1904,  85,  30. 

t  Lowry,  ibid.  1898,  73,  987. 
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a  -  Chloro  -<x'-  nitrocamphor 
ot'-Chloro-(x.-nitrocamphor 


m.p.  [a]^  (in  chloroform) 
95°  -  5° 

132°  +  13° 


When  a-chlorocamphor  is  heated  with  an  excess  of  bromine  in 
a  sealed  tube  a  mixture  of  chlorobromocamphors  is  obtained 
from  which  Lowry*  succeeded  in  separating  a  homogeneous 
chlorodibromocamphor,  m.p.  84°,  [a]D  +  51-2°.  It  seems  probable 
that  this  substance  is  a-chloro-a'  p-bromocamphor  (X),  but  the 
position  of  the  bromine  atoms  has  not  been  definitely  established. 
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Neither  a-  nor  a'-chlorocamphor  yields  oximes,  but  give,  like 
a-bromocamphor,  on  treatment  with  hydroxylamine  a  mixture 
of  isomeric  camphorquinonedioximes  (p.  394). f 

By  the  saturation  of  an  alcoholic  solution  of  camphor  with 
chlorine  Cazeneuvef  prepared  aa' -dichlorocamphor  (XI),  m.p.  96°, 
[a]D  +  57-3°. 

j8-  (or  10-)  Chlorocamphor  (XIII)  was  prepared  by  Forster§  by 
the  action  of  chlorine  on  hydroxycamphene  (XII)  or  (XII  a)  in 
acetic  acid  solution  in  the  presence  of  sodium  acetate.  It  is 
formed  also  by  the  action  of  hypochlorous  acid  on  this  substance.  || 


C:CH„ 


H, 


C:CH2 


H3C .  C .  CH3 

)  CH  — 

(XII) 


C.OH 


CH, 


CO 


H,C.C. 


CHa 


CH  CH, 


HC 


H2( 


CHOH 


CH, 


(XIII) 


(XII  a) 


*  J.C.S.  1898,  73,  584. 

t  Burgess,  ibid.  1924,  125,  2376. 

X  Bull.  Soc.  chim.  1882  [ii],  37,  454. 

§  J.C.S.  1902,  81,  272. 

||  Forster  and  Howard,  ibid.  1913,  103,  63. 
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/?-Chlorocamphor,  the  constitution  of  which  has  been  discussed 
on  p.  318,  melts  at  132-5°,  [a]D  +  40-7°  (in  alcohol).  It  gives  an 
oxime,  m.p.  101°,  [a]D  +  126-5°  (in  chloroform). 

77-  (or  8-)  Chlorocamphor*  (XV),  m.p.  139-139-5°,  [a]D  +  99-88° 
(in  chloroform),  was  prepared  by  Kipping  and  Popef  by  heating 
camphor-TT-sulphonyl  chloride  (XIV)  (p.  351)  at  175-190°.  It  is 
formed  also  when  aTr-dichlorocamphor  (XVI),  m.p.  118-118-5°, 
[a]D  +  96-74°  (in  chloroform),  is  reduced  with  sodium  amalgam 
in  alcoholic  solution.  The  latter  can  be  prepared  by  heating 
a-chloro-ir-sulphonyl  chloride  (XVII)  at  160-180°. 
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The  bromination  of  camphor  proceeds  with  great  facility  and 
a-bromocamphor  (XVIII)  has  been  prepared  by  a  number  of 
reactions.  When  camphor  is  mixed  with  bromine  an  unstable 
red  crystalline  additive  compound,  C10H16O,  Br2,  is  formed, % 
which  is  best  prepared  by  the  addition  of  bromine  to  a  chloroform 
solution  of  the  ketone. §  This  compound,  when  gently  warmed, 
decomposes  with  the  evolution  of  hydrogen  bromide  and  forma- 
tion of  a-bromocamphor.||  The  bromide  can,  however,  be  pre- 
pared more  conveniently  by  the  slow  addition  of  bromine  to 
camphor  heated  on  the  water  bath,H  or  by  the  addition  of 

*  Since  the  two  methyl  groups,  8-  and  9-,  are  not  identical,  they  should  on  sub- 
stitution yield  different  chlorocamphors,  but  these  have  not  been  described, 
t  J.C.8.  1896,  69,  377. 

X  Laurent,  Compt.  rend.  1840, 10,  532;  Annalen,  1844,  48,  251. 

§  Swarts,  Jahresbericht,  1862,  p.  462;  Swarts  and  Perkin,  J.C.S.  1865,  18,  92. 

||  Keller,  Chem.  Z.  1880,  4,  156. 

if  Armstrong  and  Matthews,  Chem.  News,  1878,  37,  4;  Kipping  and  Pope,  J.C.S. 
1893,  63,  576. 
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bromine  to  an  alcoholic  solution  of  the  ketone.*  Indirectly 
a-bromocamphor  has  been  obtained  by  the  action  of  bromine  on 
hydroxymethylenecamphor  (XIX), f  by  heating  a-bromocamphor- 
carboxylic  acid  (XX  )f  and  by  the  action  of  an  alcoholic  solution 
of  potassium  hydroxide  on  this  acid.§ 

CH3  CH3  CH3 

H2C  C  CO  HaC  C  CO        H2C  A— — CO 


CH  ( 


I 

H3C .  C .  CH? 

! 


CH  CHBr    H9C  CH 


H3C .  C .  CH3 

I         I  /Br 


(XIX)  (XVIII)  (XX) 

d-a-Bromocamphor  melts  at  76-77°  (dl-,  m.p.  51-1°), 
[a]D+  117-1°  (in  benzene,  c  =  1-6);  the  optical  rotatory  power 
shows  very  marked  variations  depending  upon  the  solvent  and 
the  concentration.  The  constitution  of  the  bromide  is  proved  by 
its  oxidation  with  potassium  permanganate  to  camphoric  acid ;  1 1 
on  reduction  with  sodium  amalgam  in  alcoholic  solution  camphor 
is  obtained. ^ 

The  reactions  of  the  bromide  have  been  studied  in  great  detail 
and  it  will  only  be  possible  to  refer  here  to  the  more  important 
of  these.  As  mentioned  already,  it  yields  with  chlorine  a  mixture 
of  the  two  isomeric  chlorobromocamphors,  whilst  when  bro- 
minated  at  100°  ad -dibromocamphor  (p.  335)  is  obtained.**  If, 
however,  it  be  heated  at  110-120°  with  one  and  a  half  molecules 
of  bromine,  aj8-dibromocamphor  (p.  336)  is  formed. ff  When 
a-bromocamphor  (XXI)  is  warmed  with  nitric  acid  it  yields  a 
mixture  of  camphoric  acid,  a-bromo-a' -nitrocamphor  (XXII)  and 
a«'-dibromocamphor4t  The  latter  substance  owes  its  formation 
to  the  bromination  of  a-bromocamphor  by  the  bromine  liberated 
during  the  oxidation  of  a  portion  of  the  bromide  to  camphoric 

*  Marsh,  J.C.S.  1890,  57,  828. 

t  Claisen,  Bishop  and  Sinclair,  Annalen,  1894,  281,  345. 

%  de  Santos  e  Silva,  Ber.  1873,  6,  1093. 

§  Aschan,  Ber.  1894,  27,  1445. 

||  Balbiano,  Gazzetta,  1887, 17,  242. 

H  Montgolfier,  Ann.  Chim.  1878  [v],  14,  110. 

**  Schiff,  Ber.  1880, 13,  1402;  Cazeneuve,  Bull.  Soc.  chim.  1884  [ii],  42,  69;  Lowry, 
J.C.S.  1898,  73,  988. 

ft  Kachler  and  Spitzer,  Monatsh.  1863,  4,  486. 

%X  Schiff,  Ber.  1880, 13, 1402;  Cazeneuve,  Bull.  Soc.  chim.  1884  [ii],  42,  69;  Lowry, 
J.C.S.  1898,  73,  988. 


332 


CAMPHANE,  JSOCAMPHANE 


PT.  I 


acid.  a-Bromo-a'-nitrocamphor  melts  at  107°,  [a]D  —  22°  (in 
chloroform,  c  =  10),  the  isomeric  a -bromo-a-nitrocamphar  (XXIII), 
m.p.  106°,  [a]D+53°  (in  chloroform,  c=0-5),  being  obtained 
when  a-nitrocamphor  (XXIV)  is  brominated;*  in  this  bromina- 
tion  a-bromo-a'-nitrocaniphor  is  also  formed.  When  a-brorno- 
a'-nitrocamphor  is  reduced  it  yields  a-nitrocamphor.  f 

/CO  CO  CO  CO 

HNO,   /    I  Br2      /    I  Br,  / 


/H  \^  |  .,N02  \^  I  /H  \^  ,Br 

\Br  °^Br  °^N02  C<SN02 

(XXI)  (XXII)  (XXIV)  (XXIII) 

The  action  of  sulphuric  acid  containing  S03  on  a-bromocam- 
phor  has  been  shown  by  Kipping  and  Pope  J  to  result  in  the  for- 
mation of  «-bromocamphor-7r-sulphonic  acid  (p.  352),  the  same 
product  being  formed  also  by  the  action  of  chlorosulphonic  acid.§ 
With  sodium  in  neutral  solution  bimolecular  compounds  are 
formed  which  have  been  studied  by  Oddo,||  whilst  Malmgrenlf 
has  shown  magnesium  to  react  in  a  similar  manner.  When  treated 
with  carbon  dioxide  in  the  presence  of  sodamide  in  ethereal 
solution,  a-bromocamphor  yields  camphorcarboxylic  acid** 
(p.  370).  Goldschmidt  and  Korevf  f  obtained  camphoroxime  by 
the  action  of  free  hydroxylamine  on  a-bromocamphor,  but  if  the 
bromide  is  heated  with  a  mixture  of  hydroxylamine  hydro- 
chloride and  sodium  acetate  a  mixture  of  camphorquinone-a- 
and  /S-dioximes  (p.  395)  is  obtained.  J  J  It  is  of  interest  to  note 
that  Clarke,  Lap  worth  and  Wechsler§§  obtained  ^onitroso- 
camphor  by  treating  a-bromocamphor  with  isoamyl  nitrite  in 
the  presence  of  sodium  ethylate. 

Although  camphor  on  bromination  gives  an  almost  theoretical 

*  Lowry,  J.C.S.  1898,  73,  989. 

f  Setoff,  Ber.  1876,  13,  1403;  Cazeneuve,  Bull.  Soc.  chim.  1887  [ii],  47,  920; 
Lowry,  J.C.S.  1898,  73,  991. 
t  J.C.S.  1893,  63,  577. 
§  Kipping  and  Pope,  ibid.  1895,  67,  356. 
||  Gazzetta,  1884,  23,  n,  316;  1888,  27,  i,  149;  1896,  35, 1,  12. 
If  Ber.  1903,  36,  2627. 
**  Briihl,  ibid.  1903,  36,  1307. 
ft  Ber.  1885,  18,  1635. 

%  %  Angelico  and  Montalbano,  Gazzetta,  1900,  30,  n,  300;  compare  Burgess,  J.C.S. 
1924,  125,  2375. 

§§  J.C.S.  1908,  93,  40. 
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yield  of  a-bromocamphor,  it  has  long  been  known  that  the 
initial  product  consists  of  a  mixture  of  the  a-  and  a'-isomerides. 
Marsh*  was  able  to  separate  from  the  crude  bromination  product 
a  fraction  having  a  very  much  lower  optical  rotatory  power, 
[a]D  +  29-4°,  as  compared  with  +  135°  of  pure  a-bromocamphor, 
and  he  observed  also  that  conversion  of  the  former  into  the 
latter  could  be  effected  by  distillation  at  the  ordinary  pressure. 
This  method  of  purification  is,  however,  much  less  satisfactory 
than  that  originally  suggested  by  Armstrong,!  in  which  crude 
a-bromocamphor  is  treated  with  an  alcoholic  solution  of  po- 
tassium hydroxide.  So  effective  is  this  method  that  it  was 
generally  supposed  that  the  reaction  was  irreversible.  In  1905, 
however,  Kipping  J  showed  that,  if  alkali  was  added  to  an 
alcoholic  solution  of  a-bromocamphor,  the  rotatory  power  of  the 
solution  diminished  and,  by  working  alternatively  in  alkaline 
and  acid  solutions,  he  succeeded  in  preparing  a  bromocamphor 
having  a  rotatory  power  of  the  same  order  as  that  obtained  by 
Marsh  by  the  direct  bromination  of  camphor.  By  the  aid  of 
solubility  experiments  Lowry§  confirmed  the  presence  of  the 
second  isomeride  in  solutions  which  had  been  treated  with 
alkali,  but  it  remained  for  Lowry,  Steele  and  Burgess ||  to  prepare 
pure  a' -bromocamphor.  This  was  obtained  in  exactly  the  same 
manner  as  that  used  for  the  preparation  of  a'-chlorocamphor, 
but,  owing  to  the  greater  solubility  of  the  bromide,  the  isolation 
was  more  difficult,  a' -Bromocamphor  crystallises  from  alcohol  in 
needles,  m.p.  78°,  [a]5461  —  40°  (in  alcohol,  c=  10).  If  a  drop  of 
alkali  be  added  to  its  alcoholic  solution,  the  rotatory  power  rises 
owing  to  the  formation  of  the  a-isomeride  and  the  solution  in 
equilibrium  contains  92  per  cent,  of  this  isomeride.  The  extent 
of  the  mutarotation  is  shown  by  the  following  values : 


On  nitration  a-  and  a'-bromocamphor,  unlike  a-  and  a' 


[«]5461 


M5461 

Final  value  (after 
addition  of 


a-Bromocamphor 
oc'-Bromocamphor 


Initial  value 
+  164-75° 
-  38-8° 


iV/1000  NaOC2H5) 
+  147-4° 
+  147-7° 


*  J.C.8.  1891,  59,  918. 
%  Proc.  C.S.  1905,  21,  125. 
||  Ibid.  1922, 121,  633. 


t  Chem.  News,  1878,  37,  4. 
§  J.C.S.  1906,  89,  1033. 
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chlorocamphors,  give  the  same  aa'-bromonitrocamphor,  m.p.  104°, 
[a]D  -  27°  (in  alcohol). 

Reference  has  been  made  on  p.  320  to  the  preparation  of 
p-  (or  10-)  bromocamphor  and  the  constitution  of  this  substance 
has  also  been  discussed.  /3-Bromocamphor  crystallises  in  prisms, 
m.p.  78°,  [a]D  +  19-1°  (in  alcohol).  Its  absorption  spectrum  has 
been  studied  by  Lowry  and  Desch.*  It  can  be  readily  charac- 
terised by  the  preparation  of  the  oxime,  m.p.  156°.  When  treated 
with  bromine  it  yields  a  8 - di brom o c am phor .  On  oxidation  with 
nitric  acid,  in  addition  to  /3-bromocamphoric  acid,  a/3-dibromo- 
a'-nitrocamphor  is  also  formed.  Other  important  reactions  of 
this  dibromide  are  discussed  on  p.  336.  By  the  sulphonation  of 
/3-bromocamphor,  Burgess  and  Lowry+  prepared  a  bromocam- 
phor-sulphonic  acid,  which  must  be  p-bromocamphor-a-sulphonic 
acid  (XXV),  since  when  the  sulphonylbromide  is  refluxed  in 

CH2Br                             CH2Br  CH2Br 
H,C  C— — CO         H,C  C  CO  H>C  C- 


HoC .  C .  CHo 


H2C 


H2S04 


CH, 


Ho 


-CO 

H3C.C.CH3 

 CH  CI 

I  (XXV) 


HaC- 

H3C .  C .  CHa 

2C  CH  — 

(XXVI) 


CO 


CHBr 


H2C- 


CHaBr 

-C  CO  H2C- 

i. 


H^C 


H3C .  C .  CH 

I 


CH  CO  H, 


CH2Br 

 C  

I 

H3C .  C .  CH3 
 CH  C. 


S02NH2 


(XXIX)  (XXVII)  (XXVIII) 

xylene  solution  it  yields  a  mixture  of  a/3-  and  a' /3-dibromo- 
camphors  (XXVI).  The  sulphonic  acid  was  characterised  by  the 
preparation  of  the  sulphonyl  chloride,  m.p.  97°,  and  the  amide, 
m.p.  100-102°,  [ct]5461  +  46-1°.  The  carbonyl  group  in  the  amide 
shows  the  interesting  property  of  reacting  in  the  enolic  form, 
since  on  digestion  with  acetic  anhydride  the  acetyl  derivative 
(XXVII)  is  obtained.  On  bromination  this  acetyl  derivative 
gives,  in  addition  to  a'  fi-dibrmnocamphor-a-sulphonamide  (XXVIII), 
a  small  quantity  of    -bromocamphor quinone  (XXIX). 

77-  (or  8-)  Bromocamphor  (XXX)  was  prepared  by  Kipping  and 


*  J.C.S.  1908,  95,  816. 


t  Ibid.  1925,  127,  271. 
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Pope*  by  heating  camphor -n-sulphonylbromide  (XXXI)  at  150° 
or  by  the  reduction  of  air-dibromocamphor  (XXXII)  with  sodium 
amalgam. f  77-Bromocamphor  is  dimorphic,  the  stable  form, 
m.p.  93-4°,  crystallising  from  light  petroleum  in  tetragonal 
prisms,  whilst  the  labile  melts  at  60-63°,  [a]D  +  116-01°.  It  has 
been  characterised  by  the  preparation  of  the  oxime,  m.p.  124-5°. 

CH3                                      CH3  CH3 
C  C  CO       H,C  C  CO        H9C  C  CO 


H,C.C.CH2.S02Br 


^H3C.C.CH2Br   j  <  

S,C  CH  CH2      H2C  CH  CH,       H2C  CH  CHBr 

(XXXI)  (XXX)  (XXXII) 

aar -Dibromocamphor ,  which  was  first  described  by  Swarts,{ 
is  readily  obtained  when  a-bromocamphor  is  warmed  on  the 
water  bath  with  bromine. §  It  crystallises  in  prisms,  m.p.  61°, 
[a]D  +  39-2°  (in  alcohol).  Its  absorption  spectrum  in  the  ultra- 
violet has  been  studied  by  Lowry  and  Desch.||  The  constitution 
of  this  bromide  has  been  proved  by  its  reduction  to  camphor 
with  sodium  amalgam,  by  the  formation  of  hydroxymethylene- 
camphor  by  the  action  of  sodium  methylate  in  benzene  solution^ 
and  by  its  conversion  into  camphorcarboxylic  acid  by  the  action 
of  carbon  dioxide  in  the  presence  of  either  magnesium  or 
sodium.**  The  action  of  nitric  acid  on  aa'-dibromocamphor  has 
been  investigated  by  Forsterff  and  by  Lapworth  and  his  colla- 
borators .{J  Reference  has  been  made  on  p.  313  to  the  formation 
of  homocamphoronic  acid  by  the  action  of  this  reagent  and  to  its 
conversion  into  camphononic  acid.  In  addition  camphoric  acid 
and  a-bromo-a'-nitrocamphor  are  also  formed.  If  aa'-dibromo- 
camphor  is  oxidised  with  nitric  acid  in  the  presence  of  silver 
nitrate  then  bromocamphorenic  acid  is  obtained,  an  acid  which 
results  also  when  Forster's  dibromocampholide  (XXXIV)  is 
reduced  with  zinc  dust.  Bromocamphorenic  acid,  m.p.  159°, 
[a]D  +  144-1°,  has  been  shown  to  have  the  structure  (XXXIII), 
since  it  gives  on  oxidation  with  potassium  permanganate 
homocamphoronic  acid  (XXXV). 

*  J.C.S.  1895,  67,  382.  f  Revis  and  Kipping,  Proc.  C.S.  1896,  p.  77. 

t  Ber.  1882,  15,  1623.  §  Lowry,  J.C.S.  1898,  73,  587. 

||  J.C.S.  1909,  95,  818.  H  Briihl,  Ber.  1904,  37,  2072. 

**  Briihl,  ibid.  1903,  36,  4289.        ft  J -C.S.  1896,  69,  36. 
%%  Ibid.  1899,  75,  992,  1134;  1900,  77,  311;  1902,  81,  17. 
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When  bromocamphorenic  acid  is  reduced  with  sodium  amal- 
gam it  yields  camphorenic  acid  (XXXVI),  m.p.  161°,  [a]D+  179-4°, 
whilst  when  treated  with  sulphuric  acid  it  yields  a-bromo- 
campholide  (XXXVII),  which  is  converted  by  alkali  into 
camphonic  acid  (XXXVIII),  m.p.  195°,  semicarbazone,  m.p.  222- 
223°.  It  will  be  observed  that  in  the  conversion  of  aa'-dibromo- 
camphor  into  camphorenic  acid  a  molecular  rearrangement 
occurs.  This  was  originally  assumed  (Lap worth)  to  proceed  with 
the  intermediate  formation  of  a  c?/cZopropane  ring  but,  in  the 
light  of  our  present  knowledge  of  the  mechanism  of  such  reac- 
tions, this  assumption  is  no  longer  necessary. 

CH3 


HN03  | 
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H2C- 


G  

HoC .  C .  CHq 


H2C.CHBr.CBr.0 
(XXXIV) 
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CH,  KMnO, 


(XXXIII) 
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H3C .  C .  CHj 

H02C.CH2  C02H 
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iH3C .  C .  CHa 
.CHr^H 
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(XXXVI) 
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•C.C02 

I 

H^C.C.CH, 


(XXXVIII) 


(XXXVII) 

aa'-Dibromocamphor  is  not  attacked  by  the  phosphorus 
halides.  If  it  is  heated  in  an  atmosphere  of  hydrogen  bromide  at 
120°  under  pressure  it  isomerises  to  a^dibromocamphor,*  whilst 
treatment  with  alkali  converts  it  into  a-bromocamphor. 

Although  aj8-  (3  : 10-)  dibromocamphor  (XXXIX)  was  originally 
prepared  by  Swartsf  by  heating  a-bromocamphor  (XL)  with 
bromine  under  pressure  at  110-120°,  its  constitution  was  first 
clearly  established  when  ForsterJ  showed  that  it  could  be 

*  Swarts,  Ber.  1882,  15,  2135. 

f  Zeit.fur  Chem.  1866,  628;  Ber.  1882,  15,  1622,  2135.     J  J.C.S.  1902,  81,  270. 
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prepared  by  the  bromination  of  j8-bromocamphor  (XLI).  At  the 
same  time  Armstrong  and  Lowry*  described  its  preparation  by 
the  action  of  heat  on  a-bromocamphor-fi-sulphonylbromide  (XLII). 


CH3 

■G  CO 
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H2C 


H3C .  C .  CH3 


CHBr 
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C  CO 
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CH  CHBr 


(XLII) 

a/3-Dibromocamphor  melts  at  114°,  [«]5461  +  127°  (in  acetone) 
and  it  is  only  very  slightly  volatile  in  steam.  When  it  is  heated 
with  concentrated  nitric  acid  it  yields  afi-dibromo-d -nitro- 
camphor,  m.p.  129°,  [a]D  —  25-7°,  and  ad /3-tribromocamphor ;f 
at  the  same  time  some  oxidation  occurs  with  the  formation  of 
j8-bromocamphoric  acid.  aa'jS-Tribromocamphor  is  obtained 
also  when  a/?-dibromocamphor  is  warmed  with  bromine  or  with 
phosphorus  pentabromide.  %  When  alkali  is  added  to  an  alcoholic 
solution  of  a/?-dibromocamphor  the  rotatory  power  falls  (+99° 
to  +  81°),  indicating  the  formation  in  solution  of  d  fi-dibromo- 
camphor.%  This  isomeride  has  been  isolated  by  Burgess  and 
Lowry 1 1  by  methods  similar  to  those  employed  for  the  prepara- 
tion of  the  a'-chloro-  and  bromo-camphors  (compare  p.  327).  It 
melts  at  136°,  [a]s46i  +  85°  (in  acetone,  c  =  5).  By  the  reduction 
of  ajS-dibromocamphor  with  sodium  amalgam  Kachler  and 
Spitzer^  obtained  a  substance  which  they  considered  to  be  a 
hydroxycamphor,  but  this  has  since  been  shown  to  be  a- 
campholenic  acid  (XLIII).  When  treated  with  sodium  me  thy  late 

*  J.C.S.  1902,  81,  1451. 

f  Kachler  and  Spitzer,  Monatsh.  1882,  3,  218;  1883,  4,  566;  Armstrong  and 
Lowry,  J.C.S.  1902,  81,  146. 

t  Swarts>  Ber.  1882,  15,  1625;  de  la  Royere,  ibid.  1621. 

§  Lowry,  J.C.S.  1906,  89,  1037. 

||  J.C.S.  1923, 123,  1873. 

H  Monatsh.  1882,  3,  205;  1883,  4,  643. 
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or  ethylate  a  similar  degradation  occurs,  a-bromocampholenic 
acid  (XLIV)  being  obtained.*  These  reactions,  which  are 
analogous  to  the  conversion  of  /?-bromocamphor  into  a-cam- 
pholenic  acid,  are  illustrated  by  the  scheme : 

CH2Br  CH3 


HO 


CHBr 


C02H  / 


H, 


— -c 

H3C.C. 
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CHS 
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CH  CHBr 

(XLIV) 


(XLIII) 

aTT-Dibromocamphor  (XLV),  m.p.  156°,  [a]D  +  128-2°  (in 
acetone),  was  prepared  by  Kipping  and  Pope|  by  heating 
a-bromocamphor-ir-sulphonylbromide  (XL VI)  to  165°.  It  has 
been  obtained  also  by  the  action  of  alkali  on  aa'Tr-tribromo- 
camphor  (XL  VII).  {  On  treatment  with  concentrated  nitric  acid 
it  yields  a  mixture  of  aTr-dibromo-a'-nitrocamphor,  m.p.  54°,  and 
TT-bromocamphoric  acid  (p.  413).§  It  can  be  reduced  with  zinc 
dust  in  acetic  acid  solution  to  7r-bromocamphor. 

CH3  CH3  CH3 

H„C  C  CO      H,C  C  CO      H9C  C  CO 
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As  in  the  case  of  a/3-dibromocamphor,  an  alcoholic  solution  of 
«7T-dibromocamphor  mutarotates  ([a]^  +  85°  to  +  90°)  on  the 
addition  of  alkali  owing  to  the  formation  of  af7T-dibromocamphor.\\ 

*  Burgess,  J.C.S.  1924,  125,  2376. 

t  J.C.S.  1896,  69,  391. 

%  Lapworth,  ibid.  1899,  75,  574. 

§  Lapworth  and  Kipping,  ibid.  1896,  69,  308. 

||  Lowry,  ibid.  1902,  89,  1037. 
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This  isomeride  has  been  prepared  by  Lowry  and  Burgess*  by 
the  methods  adopted  for  the  isolation  of  similar  isomerides.  It 
melts  at  182°,  [a]5m  +  111-7°  (in  acetone,  c  =  5). 

Two  isomeric  tribromocamphors  have  been  described, 
aa  fi-tribromocamphor,  m.p.  63-64°,  [a]D  +  2°  (in  acetone)  and 
ad  -n-tribromocamphor ,  m.p.  69-70°.  The  former  can  be  prepared 
by  the  bromination  of  a/3-dibromocamphor  and  the  latter  by  the 
bromination  of  «7r-dibromocamphor.f 

Only  two  iodo-derivatives  of  camphor  have  been  described. 
a-Iodocamphor  (XL VIII),  m.p.  43-44°,  [a]D  +  160-42°,  was 
obtained  by  HallerJ  by  the  action  of  iodine  on  the  sodium 
derivative  of  camphor,  whilst  Bruhl§  prepared  it,  (a)  by  the 
action  of  iodine  on  camphor  in  the  presence  of  sodamide,  and 
(6)  by  the  action  of  sodium  methylate  on  a-iodo-a-formylcamphor 
(XLIX),  which  can  be  prepared  from  hydroxymethylene- 
camphor  (p.  379). 

CH3 

H>C  C  CO 


HoC .  C .  CH, 
I 

H2C  CH  CHI 

^CHO 

(XLIX)  (XLVIII) 

aa'-Di-iodocamphor,  m.p.  108-109°,  [a]D  +  28°,  was  obtained 
by  Bruhl||  by  the  action  of  iodine  on  hydroxymethylene- 
camphor  in  the  presence  of  alkali  and  by  the  action  of  sodium 
hypoiodite  on  iodoformylcamphor.  According  to  Marsh  and 
StruthersH,  aa'-di-iodocamphor  is  formed  also  when  either 
dimercuricamphor  diodide,  C10H14OHg2I2 ,  tetramercuritricamphor 
diodide,  (C10H14O)3Hg4I2,  or  hexamercuripentacamphor  diodide, 
(C10H14O)5Hg6I2 ,  are  treated  with  iodine.  aa'-Di-iodocamphor  is 
somewhat  unstable  and,  when  warmed  with  sodium  methylate, 
it  yields  a  mixture  of  camphor  and  a-iodocamphor,  whilst,  when 
it  is  treated  with  magnesium  and  carbon  dioxide,  camphor- 
carboxylic  acid  is  obtained.** 

*  J.C.S.  1923,  123,  1876.  f  Lapworth,  ibid.  1899,  75,  574. 

%  Dissertation,  Nancy,  1879;  Compt.  rend.  1875,  80,  695;  1878,  87,  695,  843,  929. 
§  Ber.  1904,  37,  2156.  ||  Ibid.  2158. 

H  J.C.S.  1909,  95,  1777;  compare  Marsh,  ibid.  1910,  97,  2410. 
**  Briihl,  Ber.  1903,  36,  4290. 
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NIT  ROC  A  M  PHOR  AND  ITS  DERIVATIVES 

Although  camphor  cannot  be  directly  nitrated,  being  oxidised 
by  nitric  acid  (compare  p.  325),  a'-nitrocamphor  can  be  prepared 
readily  by  the  reduction  of  the  halogen  ated  nitrocamphors,  the 
preparation  of  some  of  which  have  been  described  on  pp.  328,  331. 
The  study  of  a'-nitrocamphor  and  the  substituted  nitrocamphors 
has  been  carried  out  mainly  by  Lowry  and  his  collaborators  and 
very  interesting  results  have  been  obtained. 

a'-Nitrocamphor,  m.p.  102°,  was  first  prepared  by  Schiff*  by 
the  reduction  of  a-bromo-a'-nitrocamphor  with  an  alcoholic 
solution  of  potassium  hydroxide,  whilst  some  years  later  it  was 
obtained  by  Cazeneuvef  by  the  reduction  of  a-chloro-a'-nitro- 
camphor  with  the  zinc-copper  couple.  For  the  preparation  of 
a'-nitrocamphor  Schiff 's  method  is  convenient,  the  most  suitable 
experimental  conditions  having  been  determined  by  Lowry  and 
Steele.  J  It  has  been  obtained  also  by  the  reduction  of  bromo- 
nitrocamphor  with  phenylhydrazine,§  and  by  the  oxidation  of 
isonitrosocamphor  with  potassium  ferricyanide  in  alkaline 
solution.  || 

In  1898  Lowry  made  the  important  observation  that  nitro- 
camphor  in  benzene  solution  showed  mutarotation,  and  he  later 
studied  this  property  in  great  detail,  examining  both  the  effects 
of  solvents  and  of  temperature.il  He  found  that  in  benzene 
solution  the  initial  value,  [a]D  —  124°,  fell  to  —  104°,  and  that 
this  change  was  associated  with  the  presence  of  the  secondary 
nitro-group  (I),  since,  whilst  77-bromo-a-nitrocamphor  (II)  also 
showed  mutarotation,  a-chloro-a'-nitrocamphor  (III)  behaved 
normally.  Lowry  connected  this  change  in  the  rotatory  power 
with  the  conversion  of  the  true  nitrocamphor  (I)  into  the 
pseudo-form  (IV).  Although  j?sewc?onitrocamphor  has  not  been 
isolated  and,  in  an  equilibrated  solution,  is  present  only  to  the 
extent  of  one  part  to  four  of  the  normal  form,**  it  is  known  in  the 
form  of  its  salts,  a  number  of  which  have  been  prepared.  These 

*  Ber.  1876, 13,  1403. 

t  Bull.  Soc.  chim.  1887  [ii],  47,  920. 

$  J.C.S.  1915, 107,  1038;  compare  Lowry,  ibid.  1898,  73,  995. 
§  Forster,  ibid.  1902,  81,  868. 
||  Forster,  ibid.  1903,  83,  532. 
If  J.C.S.  1899,75,  211. 

**  Lowry  and  Robertson,  ibid.  1904,  85,  1550. 
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are  strongly  dextrorotatory,  the  value  for  the  sodium  salt  being 
[a]D  +  289°. 
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When  a  solution  of  nitrocamphor  is  evaporated  on  the  water- 
bath,  the  anhydride  of  pseudomtrocsimphov  (V),  m.p.  193°, 
[a]D  +  242°,  is  obtained.*  If  this  anhydride  is  heated  above  its 
melting-point  or  digested  with  alkali,  it  yields  camphorquinone 
(VI).  The  tendency  for  nitrocamphor  derivatives  to  pass  into 
camphorquinone  is  very  marked,  since  Lapworthf  has  shown 
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*  Cazeneuve,  Bull.  Soc.  chim.  1889  [iii],  1,  556;  Lowry,  J.C.S.  1898,  73,  996. 
f  J.C.S.  1896,  69,  3. 
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that  both  chloro-  and  bromo-nitrocamphors  give  on  distillation 
camphorquinone,  and  the  same  change  occurs  when  an  alcoholic 
solution  of  bromonitrocamphor  is  exposed  to  air  and  light. 

By  the  action  of  formamide  on  a-nitrocamphor  Lowry  and 
Steele*  prepared  a  second  anhydride,  m.p.  184°,  [ctjg^  —  6°, 
which  has  properties  very  similar  to  those  of  the  anhydride,  m.p. 
193°.  It  is  possibly  the  £ra%<s-modification  (VII),  the  low  rotatory 
power  being  due  to  the  two  nitro-groups  acting  in  opposition  to 
one  another. 

a'-Nitrocamphor  is  readily  oxidised  by  concentrated  nitric 
acid  to  camphoric  acid.  When  boiled  with  hydrochloric  acid,  it 
yields  camphoryloxime  (VIII),  m.p.  223°,  [a]D  +  7-0°,  which  can 
be  prepared  also  by  the  action  of  hydroxylamine  on  camphoric 
anhydride. f  At  the  same  time  the  anhydride  of  this  oxime  (IX), 
m.p.  220°,  [a]D  +  26-4°,  is  formed.  On  reduction  a'-nitrocamphor 
yields  a' -aminocaniphor  (p.  343). 

CO  CO  OC 


0 


C:NOH 
(VIII) 


C:N- 


-0  N:C 

(IX) 


Although  ^se^onitrocamphor  has  not  been  separated  in  a 
pure  state,  two  bromo$>se^onitrocamphors  have  been  described. 
When  afi-dibromo-d ' -nitrocamphor  (X)  is  reduced  either  with  an 
alcoholic  solution  of  potassium  hydroxide  or  with  sodium 
e  thy  late,  $-bromonitrommphor%  is  obtained,  and  the  crystalline 
solid,  which  separates  on  acidifying  the  alkaline  solution,  is  a 
mixture  of  the  true  nitro-form  (XI)  and  the  pseudo-form  (XII). 
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*  J.C.S.  1915, 107,  1042. 

t  Cazeneuve,  Bull  Soc.  chim.  1889  [in],  1,  417;  Lowry,  J.C.S.  1898,  73,  1002; 
1903,  83,  957. 

t  Lowry,  J.C.S.  1903,  83,  965. 
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By  careful  crystallisation  the  pure  pseudo-mtro  compound, 
m.p.  132°,  can  be  separated,  but  the  normal  form  cannot  be 
purified  and  obtained  free  from  the  isomeride.  In  solution  j8- 
bromo-a'-nitrocamphor  mutarotates,  thus  Lowry  and  Robertson* 
obtained  in  benzene  solution  an  initial  value  of  [a]D  +  5-8°  and 
a  final  value  after  four  days  of  —  76-7°.  /3-Bromo-a'-nitro- 
camphor  does  not  form  an  anhydride  but,  when  heated  with 
concentrated  hydrochloric  acid,  /3-bromocamphoryloxime,  m.p. 
112°,  [a]D  +  10-2°,  is  obtained.  Very  similar  properties  are  shown 
by  7T-bromo-a'-nitroca?nphor,  which  can  be  prepared  by  the 
reduction  of  a-n-dibromo-a -nitrocamphor  (XIII).  |  The  two 
isomeric  forms  of  77-bromo-a'-nitrocamphor  were  separated  by 
Lapworth  and  Kipping  and  studied  in  greater  detail  by  Lowry.} 
The  pseudo -form  (XIV),  m.p.  142°,  crystallised  well  from  chloro- 
form and  showed  mutarotation,  the  initial  value  in  benzene  solu- 
tion being  [a]D  +  188°  and  the  final  value  —  38°.  The  normal  form 
(XV)  is  much  more  soluble  and  melts  at  108°;  it  has  an  initial 
value  of  [d]D  —  51°  which  falls  to  —  38°.  The  solution  of  this 
bromide  in  equilibrium  contains  therefore  one  part  of  the 
pseudo-form  to  seventeen  parts  of  the  normal.  When  it  is  heated 
with  hydrochloric  acid,  it  yields  7T-bromocamphoryloxime,  m.p. 
137-138°,  [a]D  +  53°,  which  was  prepared  originally  by  Lap- 
worth§  and  designated  by  him  ^o-7r-bromonitrocamphor. 
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By  the  reduction  of  ^'-nitrocamphor  with  sodium  amalgam  in 
alcoholic  solution  Schiff  ||  prepared  a' -aminocamphor  (XVI).  It 
can  be  obtained  also  by  the  reduction  of  a/3-cfibromo-a'-nitro- 
camphor  with  zinc  dust  in  acetic  acid  solution H  or  by  the 

*  J.C.8.  1904,  85,  1548. 

f  Lapworth  and  Kipping,  ibid.  1896,  69,  309. 
t  J.C.S.  1899,  75,  223. 
§  Ibid.  1896,  69,  318. 
||  Ber.  1880,  13,  1404. 

H  Kachler  and  Spitzer,  Monatsh.  1883,  4,  567. 
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reduction  of  ^onitrosocamphor  with  the  same  reagents.* 
«'-Aininocamphor  is  a  waxy  solid,  which  according  to  Tiemannf 
melts  at  110-115°,  b.p.  246-4°.  It  can  be  readily  characterised 
by  the  preparation  of  its  crystalline  salts,  the  hydrochloride 
melting  at  223-225°.  It  yields  on  reduction  with  sodium  in 
alcoholic  solution  aminoborneol  (XVII),  m.p.  187°,  J  from  which 
by  the  action  of  phosphorus  pentachloride  2-chloro-3-amino- 
camphane  (XVIII)  was  prepared.  Unlike  most  a-substituted 
derivatives  of  camphor,  a'-aminocamphor  readily  yields  a 
crystalline  oxime,  m.p.  144-145°,  [a]D  +  60-5°. § 
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We  are  indebted  to  Forster  and  his  collaborators  for  a  study 
of  a  number  of  interesting  derivatives  of  a'-aminocamphor.  It 
had  been  observed  by  Rupe||  that,  when  a'-aminocamphor  was 
treated  with  potassium  cyanate,  it  gave  camphorylcarbamide 
(XIX),  m.p.  169°.  By  slightly  modifying  the  experimental 
conditions  Forster  and  FierzU  prepared  an  isomeride,  camplwryl- 
ifj-carbamide,  m.p.  184°,  which  undoubtedly  has  formula  (XX), 
since  on  treatment  with  hydroxylamine  it  gave  an  oxime  (XXI), 
m.p.  202-203°,  identical  with  that  which  had  been  prepared  by 
Lapworth  and  Harvey  by  the  action  of  potassium  cyanate  on 
a' -aminocamphoroxime  (XXII). 

By  treatment  of  camphoryl-^-carbamide  with  nitrous  acid  a 
m>oso-derivative  (XXIII)  was  obtained,  which,  on  reduction 
with  zinc  dust,  gave  camphoryl-ip-semicarbazide  (XXIV).  This 
semicarbazide  reacted  readily  with  ketones  to  yield  semicar- 
bazones  remarkable  for  their  high  rotatory  power.  From  the 

*  Claisen  and  Manasse,  Annalen,  1893,  274,  90;  Rupe,  Ber.  1895,  28.  777;  Duden 
and  Pritzkov,  ibid.  1899,  32,  1539. 
f  Ber.  1897,  30,  322. 

t  Duden  and  Macintyre,  ibid.  1898,  31,  1902;  1900,  33,  481. 
§  Lapworth  and  Harvey,  J.C.S.  1902,  81,  550. 
||  Ber.  1894,  27,  584;  1895,  28,  778. 
1  J.C.S.  1905,  87,  110,  712,  826. 
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semicarbazide  by  the  action  of  nitrous  acid  camphorylazoimide 
(XXV),  m.p.  67°,  [a]D  -  351-5°,  was  prepared,  which  gave  on 
treatment  with  alkali  camphorimine  (XXVI)  (see  p.  364). 
a'-Aminocamphor  reacts  with  benzenediazonium  hydrate  to 
yield  camphordiazoaminobenzene  (XXVII),  m.p.  150°,*  whilst  by 
the  action  of  chloroamine  N-chloroaminocamphor  (XXVIII), 
m.p.  43°,  was  obtained,  f 
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In  1881  Schiff,f  by  the  action  of  nitrous  acid  on  amino- 
camphor,  prepared  diazocamphor  (XXIX),  m.p.  75°,  which, 
when  heated,  passed  into  a  ketone,  C10H14O,  m.p.  168-170°, 
characterised  by  the  preparation  of  an  oxime,  m.p.  132°,  and  a 

*  Forster  and  Garland,  J.C.S.  1909,  95,  2057. 
f  Forster  and  Schlaepfer,  ibid.  1914,  105,  2770. 
%  Ber.  1881,  14,  1373. 
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semicarbazone,  m.p.  243-244°.  This  ketone  was  investigated  by 
Angeli,*  who  concluded  that  it  was  the  unsaturated  ketone 
(XXX).  This  formula,  in  view  of  the  position  of  the  ethylenic 
linkage,  appeared  to  be  very  improbable,  and  the  investigations 
of  Bredt  and  Holzf  have  shown  camphenone  to  be  the  tricyclic 
ketone,  /3-periq/docamphanone  (XXXI).  A  more  convenient 
method  for  the  preparation  of  the  ketone  is  from  camphoquinone- 
hydrazone  (XXXII),  which,  by  the  action  of  mercuric  iodide, 
gives  diazocamphor. 
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The  constitution  of  the  ketone  was  established  in  the  following 
manner.  When  the  oxime  (XXXIV)  was  digested  with  acetyl 
chloride,  it  behaved  in  an  exactly  similar  manner  to  camphor- 
oxime  (p.  361),  ring  fission  occurring  with  the  formation  of  the 
nitrite  of  cjclocampholenic  acid  (XXXV),  m.p.  78-80°,  which 
gave  on  hydrolysis  cyclocampholenic  acid  (XXXVI),  m.p.  108- 
110°.  By  oxidation  of  the  unsaturated  acid  with  potassium 
permanganate  cycloisocamphoronic  acid  (XXXVII),  m.p.  228- 
230°,  was  prepared. 

On  reduction  /3-perici/cfocamphanone  yields  the  corresponding- 
alcohol,  f$-pericyclocamphanol,  m.p.  174-176°,  [a]D  -f  36*69°, 
phenylur ethane,  m.p.  106-108°;  from  the  hydrazone,  m.p.  45°, 
pericyclocamphane,  m.p.  117-118°,  was  prepared  by  Kishner's 
method.  When  j8-peric?/cfocamphanone  is  treated  with  hydrogen 


*  Gazzetta,  1894,  24,  n,  317;  Ber.  1898,  28,  819. 
f  J.  pr.  Chem.  1917  [ii],  95,  133. 
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bromide  it  yields  a  bromocamphor,  m.p.  114°,  [a]D  +  13-23°, 
which  is  probably  5 -bromocamphor  (XXXVIII).  On  bromination 
a  dibromocamphor,  m.p.  58-59°,  is  formed,  but  this  has  not  been 
orientated. 
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a'-Aminocamphor  has  been  used  in  a  number  of  synthetical 
operations  more  especially  by  Duden  and  his  collaborators,  for 
an  account  of  which  the  original  literature  should  be  consulted. 

In  1895  Tiemann*  described  an  amine,  ^oaminocamphor, 
m.p.  86°,  which  was  isomeric  with  a'-aminocamphor.  This  amine 
was  prepared  by  the  action  of  hydrogen  iodide  on  camphoroxime 
and  also  by  the  action  of  this  reagent  on  a-  or  /?-campholenamide. 
Forster  and  Howardf  showed  that  this  amine  was  fi-amino- 
camphor  (XL),  since  it  could  be  prepared  by  the  action  of 
ammonia  on  ^-bromocamphor  (XXXIX). 

When  jS-aminocamphor  is  distilled  at  the  ordinary  pressure 
it  is  converted  into  fi-campholenamide  (XLIII)  and  furnishes, 
therefore,  another  example  of  the  facility  with  which  derivatives 
containing  the  substituent  in  the  j3-position  pass  into  either 
a-  or  /3-campholenic  acids.  This  amide  is,  however,  not  the  only 
product,  a  crystalline  solid,  m.p.  71°,  being  formed  also,  which 
Forster  and  Howard  suggest  may  have  formula  (XLI).  This 
would,  however,  require  modification  to  (XLII),  if  the  amino 


*  Ber.  1895,  28,  1082;  1897,  30,  321. 


t  J.C.S.  1913,  103,  63. 
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group  occupies  position  10  and  no  molecular  rearrangement 
occurs.  This  tricyclic  imide  gives  on  bromination  /3-bromocam- 
phor  and  on  chlorination  /3-chlorocamphor. 


(XXXIX) 
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H3C .  C .  CH 
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■CO 


— CH  CHS 
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(XLV) 


When  /S-aminocamphor  is  treated  with  hydroxylamine,  it 
yields  a  mixture  of  two  isomeric  oximes  of  a  hydroxycamphor. 
This  latter  substance  is  extremely  difficult  to  isolate  owing  to  its 
tendency  to  pass  into  dihydrocampholenolactone  (XLV).  By  the 
action  of  semicarbazide,  however,  two  semicarbazones,  m.p.  162° 
and  145°,  were  prepared,  the  latter  being  labile  and  passing  into 
the  higher  melting  isomeride  on  fusion.  On  hydrolysis  with 
oxalic  acid  a  hydroxycamphor  was  obtained,  which  was  an  oil 
resembling  borneol  in  smell.  It  was  in  all  probability  ^-hydroxy- 
camphor (XLIV)  and  yields  an  oxime,  m.p.  165°,  which  can  be 
prepared  also  by  the  action  of  hydroxylamine  on  /3-amino- 
camphor. 

/3-Hydroxycamphor  is  even  more  unstable  than  /3-amino- 
camphor.  When  boiled  in  aqueous  solution  it  passes  into  the 
lactone  (XLV).  The  position  of  the  hydroxy  group  seems  to  be 
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definitely  established  by  its  conversion  into  jS-chlorocamphor  by 
the  action  of  hypochlorous  acid. 


Although  by  the  action  of  sulphuric  acid  on  camphor  and  its 
derivatives  degradation  either  to  alicyclic  ketones  or  aromatic 
phenols  may  result,  it  has  been  found  possible  to  prepare 
camphor  and  substituted  camphor-sulphonic  acids.  The  intro- 
duction of  these  acids  by  Pope  in  1898  for  the  resolution  of 
externally  compensated  basic  compounds  has  been  of  very 
great  value  in  the  development  of  stereochemistry. 

By  the  action  of  sulphuric  acid  on  camphor  dissolved  in  acetic 
anhydride  Reychler*  prepared  a  sulphonic  acid,  which  crys- 
tallised from  either  ethyl  acetate  or  acetic  acid  in  prisms,  m.p. 
193-195°,  and  consisted  of  d-camphor-p  (or  10-)  -sulphonic  acid. 
The  constitution  of  this  acid  was  established  later  as  the  result 
of  the  investigations  of  Armstrong  and  Lowry,  j*  Bredt,  Rochussen 
and  Heuseh,J  Wedekind,  Schenk  and  Stusser,§  Lipp  and  Laus- 
berg||  and  Burgess  and  Lowry  If  and,  for  the  reasons  detailed  on 
p.  320,  there  can  be  no  doubt  that  it  must  be  represented  by 
formula  (I).  The  acid  can  be  characterised  by  the  preparation  of 
the  oxime,  m.p.  177-178°. 


By  the  sulphonation  of  ^-camphor  and  c?Z-camphor  the  corre- 
sponding laevorotatory  and  externally  compensated  sulphonic 
acids  have  been  prepared.  The  latter  was  first  resolved  into  its 
optical  enantiomorphs  by  Rewald,**  the  optimum  conditions  for 
effecting  this  resolution  having  been  determined  by  Burgess  and 
Gibson. ft  The  following  rotatory  powers  have  been  quoted  for 

*  Bull.  Soc.  chim.  1898  [iii],  19,  120.  t  J>C>$.  1902,  81,  1444. 

%  Ber.  1902,  35,  1290.  §  Ibid.  1923,  56,  640.       ||  Annalen,  1924,  436,  274. 

1  J.C.S.  1925,  127,  279.    **  Ber.  1909,  42,  3136.    ft  JS.C.I.  1925,  44,  296. 
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the  acids:  [a]5461  +  28-27°,  -  28-3°.  The  reactions  of  the  acid 
have  been  studied  in  some  detail.  Like  other  derivatives  of 
camphor  containing  the  substituent  in  the  /^-position  it  passes 
readily  into  a-campholenic  acid,  the  change  in  the  case  of  the 
sulphonic  acid  being  most  readily  effected  by  fusion  with 
potassium  hydroxide.*  When  reduced  with  sodium  in  alcoholic 
solution  Lipp  and  Hollf  have  shown  that  two  isomeric  hydroxy  - 
sulphonic  acids  (II)  and  (III)  are  formed.  These  could  not, 
however,  be  obtained  pure,  but  the  presence  of  the  former  was 
established  by  its  dehydration  to  the  sultone  (V),  m.p.  133-5°, 
a  substance  which  can  also  be  prepared  by  treating  camphene 
(IV)  with  sulphur  trioxide  in  acetic  acid  solution. 
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H3C.C.CH3 
(II) 


CH5 


H 


H3C .  C .  CHa 
 CH  — 


OH 


CH, 


C:CIL 


(III) 


CH,.S09.0 


\ 


CH 


H,G 


H2G 


H3C.C.CH 
I 


CH- 
(IV) 


CHS 


H9G 


1 

3H 

1 

H3C.C.CH3 

1 

)  CH 

3H, 

(V) 


This  tendency  to  form  anhydro -derivatives  is  shown  also  by 
the  amide  of  the  sulphonic  acid.  It  was  observed  by  Reychler 
that  when  camphor- ^-sulphonyl  chloride,  m.p.  67-68°,  was  treated 
with  ammonia  two  amides  were  formed.  These  were  subsequently 
investigated  by  Armstrong  and  LowryJ  and  by  Lowry  and 
Magson.§  One  of  them  was  found  to  be  the  normal  amide  (VI), 
m.p.  132°,  whilst  the  second  was  an  anhydramide  (VII),  m.p. 
223°.  The  conversion  of  the  amide  into  the  anhydramide  takes 
place  with  remarkable  facility,  the  addition  of  a  trace  of  alkali 
being  sufficient  to  occasion  the  change. 


*  Bredt,  Rochussen  and  Heusch,  Ber.  1902,  35,  1290. 

|  Ber.  1929,  62,  499.  %  J.C.S.  1902,  81,  1448. 

§  J.C.S.  1906,  89,  1046. 


CH.  V 


AND  THEIR  DERIVATIVES 


351 


As  was  mentioned  on  p.  320,  when  camphor-/3-sulphonyl- 
bromide  is  heated  to  about  130°  it  yields  /3-bromocaraphor ;  the 
corresponding  chloride  cannot,  however,  be  prepared  in  a  similar 
manner  from  the  sulphochloride.  a-Chloro-  smda-bromo-camphor- 
P-sulphonic  acids  have  been  obtained  by  the  sulphonation  of 
a-chloro-  and  a-bromo-camphors.*  According  to  Pope  and 
Read,f  who  have  determined  the  rotatory  power  of  a  number  of 
its  salts,  the  bromosulphonic  acid  melts  at  47-5°. 

S02NH2  CO 

CqHto 


CH2 


(VI) 


(VII) 


When  d-camphor  is  treated  with  either  fuming  sulphuric  acid 
or  chlorosulphonic  acid  dl-camphor-7T-sulphonic  acid  (VIII)  is 
obtained,  camphor  being  racemised  during  the  reaction.J  The 
acid  can  be  purified  by  conversion  into  the  crystalline  sulpho- 
chloride, m.p.  105-5°-106-5°,  and  characterised  by  the  prepara- 
tion of  the  amide,  m.p.  133-5-136-50.  When  the  sulphochloride  is 
heated  to  190°  it  yields  ir-chloro-dl-camphor  (IX).  Whilst  the 
direct  sulphonation  of  camphor  gives  the  externally  compensated 
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-CH- 
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acid,  the  optically  active  modifications  can  be  prepared  by  the 
reduction  of  the  d-  and  ^-bromocamphor-77-sulphonic  acids. § 
With  the  aid  of  strychnine  Pope  and  Read||  have  resolved  the 
externally  compensated  acid  and  they  found  the  ammonium 
salts  of  the  active  acids  to  have  the  rotatory  powers,  [a]D  +  80-5° 

*  Armstrong  and  Lowry,  J.C.8.  1902,  81,  1451;  Lowry  and  Magson,  ibid.  1906, 
89,  1047. 

t  Ibid.  1914,  105,  800. 

j  Kipping  and  Pope,  ibid.  1893,  63,  549;  1895,  67,  357. 

§  Kipping  and  Pope,  ibid.  1896,  69,  358;  Kipping,  ibid.  1901,  79,  372. 

II  Ibid.  1910,  97,  992. 
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and  —  80-1°,  in  alcoholic  solution.  By  the  oxidation  of  camphor- 
7T-sulphoxide,  m.p.  137°,  Hasselstrom*  has  prepared  isoketopinic 
acid  (X),  m.p.  249-250 °,  the  semicarbazone  of  which  gives  on 
treatment  with  sodium  ethylate  rr-Sbipocamphane-l -carboxylic 
acid  (dihydroteresantalic  acid)  (XI),  m.p.  226-227°. 
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By  the  sulphonation  of  a-chloro-d-camphor  with  fuming 
sulphuric  acid  Kipping  and  Pope|  prepared  a-chloro-d-camphor- 
77-sulphonic  acid,  m.p.  185°.  Although  the  acid,  so  obtained,  was 
apparently  homogeneous,  the  investigations  of  Kipping  and  his 
collaborators  J  have  shown  conclusively  that  it  is  actually  a 
mixture  of  a-chloro-  and  a '-chloro-d-camphor-7r-sulphonic  acids 
(XII)  and  (XIII),  although  neither  of  these  acids  has  been 
obtained  pure.§ 
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The  sulphochloride  melts  at  123-124°  and  the  sulphobromide 
at  145°;  on  heating  to  about  150°,  they  yield  respectively 
air-dichloro-  and  a-cliloro-n-bromocamphors. 

The  related  a-bromocamphor-ir-sulphonic  acid  was  prepared  by 
Kipping  and  Pope||  by  the  sulphonation  of  «-bromocamphor, 
and  like  the  chloro-acid  it  is  probably  a  mixture  of  a-bromo-c?- 
camphor-7r-sulphonic  acid  and  «'-bromo-^-camphor-77-sulphonic 
acid.  These  acids  have  not  been  separated,  but  their  hydrind- 

*  Annal.  Acad.  Sci.  Fennicae,  1929,  A,  30,  No.  12. 
f  J.C.S.  1893,  63,  593. 

%  Ibid.  1905,  87,  628,  where  full  references  to  the  literature  are  given. 
§  Kipping,  Proc.  C.S.  1905,  21,  293. 
II  J. C.S.  1893,  63,  577. 
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amine  salts  have  probably  been  obtained  pure.*  a-Bromo-d- 
camphor-7T-sulphonic  acid  melts  at  195-196°,  [a]D  +  88-27°.  The 
amide,  m.p.  145°,  shows  mutarotation  in  alcoholic  solution  in  the 
presence  of  a  trace  of  alkali,  thus  behaving  in  a  similar  manner  to 
other  a-substituted  camphors,  t  The  properties  of  this  acid,  which 
has  been  used  extensively  in  the  resolution  of  externally  compen- 
sated bases,  have  been  very  thoroughly  investigated  and  it  is  only 
possible  to  refer  to  a  few  of  the  more  important  of  its  reactions. 
By  oxidation  of  the  ammonium  salt  with  potassium  perman- 
ganate Lapworth  and  Kipping {  obtained  d-camphoric  acid-Ti- 
sulphonic  acid  (XIV),  the  same  acid  being  obtained  by  oxidation 
with  nitric  acid.  If,  however,  concentrated  nitric  acid  be  used, 
then,  in  addition  to  this  acid,  aa'-dibromocamphoric-7T-sidphonic 
acid  (XV),  m.p.  245-252°  and  dibromocamphorsulpholactone, 
m.p.  188-189°,  are  obtained. §  The  dibromo-acid  can,  however, 
be  prepared  more  conveniently  by  bromination  of  the  ammo- 
nium salt  of  the  sulphonic  acid.  By  heating  the  sulphochloride 
and  sulphobromide  -n-chloro-a-bromocamphor  and  a-n-dibromo- 
camphor  are  formed. 

CH3  CH3 

H2C  C  C02H  H2C  C  CO 

H3C.C.CH2.S03H  H3C.C 
2C  CH  C02H  H2C  CH 


(XIV)  (XV) 

THE  ACTION  OF  DEHYDRATING  AGENTS 
ON  CAMPHOR 

By  the  action  of  dehydrating  agents  on  camphor  monocyclic 
substances  are  obtained  but,  since  the  formation  of  these  is 
frequently  associated  with  molecular  rearrangement,  the 
products  are  of  little  value  in  elucidating  the  constitution  of  the 
parent  ketone.  As  a  rule  ring  fission  occurs  between  the  1  and 
7  carbon  atoms  leading  primarily  to  derivatives  of  ^-cymene. 

The  formation  of  49-cymene  (Kamfogene)  from  camphor  was 
apparently  first  observed  by  Dumas  and  Peligot,||  who  treated 

*  Kipping,  Proc.C.S.  1905,  21,  124. 

t  Compare  Lowry  and  Magson,  J.C.8.  1906,  89,  1045. 

$  J.C.S.  1897,  71,  8.  §  Lapworth,  ibid.  1899,  75,  559. 

||  Compt.  rend.  1836,  4,  496. 
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the  ketone  with  phosphorus  pentoxide,  its  identity  being  later 
confirmed  by  Kekule  and  Pott*  and  by  Armstrong  and  Miller. f 
With  zinc  chloride  the  dehydration  proceeds  in  a  very  complex 
manner,  Armstrong  and  Miller  showing  that  49-cymene,  1  :  2- 
dimethyl-4-ethylbenzene,  1:2:3:  5-tetramethylbenzene  and 
carvacrol  were  formed.  It  had,  however,  been  observed  much 
earlier  by  Claus,  J  that  carvacrol  could  be  obtained  from  camphor 
by  heating  it  with  iodine,  although  the  identity  of  the  phenol  was 
only  established  much  later  by  Fleischer  and  Kekule. §  Of  greater 
interest  were  the  results  obtained  on  treatment  of  the  ketone 


CH, 


HoC  C 


CH3 
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/\ 

H3C  CH3 

with  sulphuric  acid.  The  early  experiments  of  Delalande,|l 
Chataud,H  Schwanert**  and  Kachlerft  had  shown  that,  when 
the  ketone  was  heated  with  concentrated  sulphuric  acid,  an  oxy- 
genated body  was  formed  to  which  the  name  camphrene  was 
given.  This  was  subsequently  found  by  Armstrong  and  Kipping  J  J 
and  by  Bredt,  Rochussen  and  Mohnheim§§  to  consist  essentially 
of  a  mixture  of  3  :  4-dimethylacetophenone  and  carvenone  (Vol.  i, 
p.  304). 

Although,  when  camphor  is  warmed  with  phosphorus  penta- 
chloride,  it  undergoes  decomposition  with  the  formation  of 
_p-cymene  and  carvacrol,  this  reagent  can  react  normally  and 
cause  the  replacement  of  the  oxygen  atom  of  the  carbonyl  group 
by  chlorine .  Since  the  pioneering  experiments  of  Gerhardt ,  1 1 1 1  the 

*  Ber.  1869,  2,  121. 
f  Ibid.  1883,  16,  2259. 

t  Annalen,  1842,  44,  301;  J.  pr.  Chem.  1843,  25,  264. 

§  Ber.  1873,  6,  935;  compare  Armstrong  and  Easkill,  ibid.  1878,  11,  151;  Arm- 
strong and  Miller,  ibid.  1883,  16,  2255. 

||  Compt.  rend.  1839,  9,  608.  H  Ibid.  1857,  44,  66. 

**  Annalen,  1862, 123,  298.  ft  Ibid.  1872,  164,  80. 

It  J.C.S.  1893,  63,  75.  §§  Annalen,  1910,  314,  376. 

||  |l  Traite,  m,  694. 


CH.  V 


AND  THEIR  DERIVATIVES 


355 


reaction  has  been  the  subject  of  numerous  investigations,*  but 
it  is  only  recently  that  a  clear  insight  into  the  mechanism  of 
the  reaction  has  been  obtained  and  the  products  which  are 
formed  isolated  in  a  state  of  purity.  It  has  been  shown  by 
Meerwein  and  Wortmannf  that,  working  under  very  carefully 
defined  conditions,  camphor  reacts  with  phosphorus  penta- 
chloride  to  yield  a-camplwr  dichloride,  2  :  2-dichlorocamphane  (I), 
m.p.  146-148°,  the  products  described  by  previous  investigators 
being  mixtures.  The  difficulty  in  separating  this  dichloride  is  due 
to  its  tendency  to  undergo  the  pinacone-pinacoline  rearrange- 
ment. If  it  is  allowed  to  stand  in  toluene  solution  with  stannous 
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chloride,  it  is  isomerised  to  (3-camphor  dichloride,  m.p.  178-179°, 
which  is  obtained  also  if  the  temperature  is  allowed  to  rise 
during  the  interaction  of  camphor  and  phosphorus  pentachloride. 
Although  this  chloride  was  formulated  by  Meerwein  and  Wort- 
mann  as  2  :  6-dichlorocamphane  (II),  the  more  recent  experi- 
ments of  Lipp  and  Lausbergf  would  appear  to  indicate  that  it  is 
more  correctly  represented  as  2  :  10-dichlorocamphane  (III).  Its 
tendency  to  pass  into  derivatives  of  tricyclene  (compare  p.  278) 
would  not  be  contrary  to  this  constitution,  since  it  has  been 
observed  that  there  is  a  close  relationship  between  the  6  and 
10  positions  in  the  camphane  nucleus. 


THE  H  YDROX  YCAMPHORS 

Although  theoretically  the  existence  of  a  number  of  structurally 
isomeric  hydroxycamphors  is  possible  only  three  have  been 
described.  In  1897  Manasse§  obtained  by  the  reduction  of 
camphorquinone  (I)  with  zinc  dust  in  acetic  acid  solution  two 

*  Inter  al.  Spitzer,  Anncden,  1879,  196,  262;  1880,  200,  361;  Marsh  and  Gardner, 
J.C.S.  1897, 71,  290;  Marsh  and  Hartridge,  ibid.  1898, 73,  852;  Bredt,  Annalm,  1913, 
314,  369. 

t  Annalen,  1923,  435,  190.  %  Ibid.  1924,  436,  274. 

§  Ber.  1897,  30,  659. 
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isomeric  hydroxy  camphors,  C10H16O2,  m.p.  203-205°  and  212- 
213°,  which  he  designated,  somewhat  unfortunately,  a-  and 
^-hydroxy camphors,  and  he  regarded  them  as  stereoisomerides 
having  the  structures  (II)  and  (II  a).  Subsequently  a-hydroxy- 
camphor  was  prepared  by  Lap  worth  and  Chapman*  by  heating 
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hydroxycamphorcarboxylic  acid  (III)  above  its  melting-point. 
This  method  of  preparation  left  no  doubt  that  a-hydroxycam- 
phor  was  a  true  derivative  of  camphor.  Since,  in  many  of  their 
reactions,  the  two  hydroxycamphors  did  not  behave  as  if  they 
were  stereoisomerides,  they  were  studied  simultaneously  by 
Karrer  and  Takashimaf  and  by  Forster  and  Shukla,J  who 
independently  concluded  that  the  ^-hydroxycamphor  was  the 
oxide  (IV).  A  prolonged  reinvestigation  by  Bredt  and  his 
collaborators§  has  shown  this  to  be  incorrect.  a-Hydroxycam- 
phor,  d-,  m.p.  197-198°,  [a]D  +  17-3°,  semicarbazone,  m.p.  183- 
184°;  dl-,  m.p.  200°,  semicarbazone,  m.p.  182-183°,  is  a  true 
hydroxy  camphor  (II),  since  it  gives  on  reduction  with  sodium 
amalgam  d-camphor.||  ^-Hydroxycamphor,  d-,  m.p.  211°, 
[a]D+  9-05°,  dl-,  m.p.  211-213°,  semicarbazone,  m.p.  215-216°, 
can  be  most  conveniently  separated  from  the  a-isomeride  by 
esterification,  when  it  yields  a  sparingly  soluble,  dimolecular 
methyl  ether,  m.p.  37-38°.  It  forms  the  sole  product  when  cam- 

*  J.C.S.  1901,  79,  384. 

f  Helv.  Chem.  Acta,  1925,  8,  242. 

X  J.C.S.  1925, 127,  1855. 

§  Bredt  and  Ahrens,  J.  pr.  Chem.  1926  [ii],  112,  273;  Bredt,  ibid.  1929  [ii],  121, 
153;  Bredt  and  Bredt-Savelsberg,  Ber.  1929,  62,  2314;  Bredt  and  Fischer,  J.  pr. 
Chem.  1931,  131,  49. 

||  Ishidate,  J.  Pharm.  Soc.  Japan,  1928,  48,  No.  5,  77. 
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phorquinone  is  reduced  with  aluminium  amalgam  in  ethereal 
solution.  Unlike  a-hydroxycamphor  on  reduction  with  sodium 
amalgam  it  does  not  yield  camphor,  but  epicamphor  (VI),  and  it 
is  therefore  the  structural  isomeride,  hydroxyepicamphor  (V).  It 
apparently  owes  its  formation  to  the  reduction  of  camphor- 
quinone  proceeding  in  accordance  with  the  scheme : 
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CH  CO  H2C  CH  CO 

(V)  (VI) 
It  is  of  interest  to  note  that  hydroxyepicamphor  is  largely 
converted  into  3-hydroxycamphor  (II)  when  it  is  digested 
with  alkali,  the  salt  of  the  dienol  in  this  case  also  being  an 
intermediate  stage  in  the  reaction.* 

The  urine  of  dogs  which  have  received  food  containing 
camphor  was  considered  by  Schmiedeberg  and  Meyerf  and  by 
Magnus-Levy  J  to  contain  a  hydroxycamphor,  which  was  ex- 
creted in  combination  with  glucuronic  acid.  The  hydroxycam- 
phor (campherol),  prepared  from  this  by  hydrolysis,  has  been 
shown  by  Asahina  and  Ishidate  §  to  be  a  mixture  of  3-hydroxy- 
camphor (Manasse's  a-hydroxycamphor)  and  5-hydroxycamphor 
(VII),  m.p.  216-217°,  [a]D  +  38-9°.  The  presence  of  the  latter 
in  the  mixture  was  established  by  its  oxidation  to  the  corre- 
sponding diketone,  ^-diketocampliane  (VIII),  which  had  been 
prepared  by  Bredt  and  Goeb||  by  the  oxidation  of  hydroxyepi- 
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*  Bredt  and  Fischer,  J.  pr.  Chem.  1931,  131 
f  Z.  phys.  Chem.  1879,  3,  422.  % 
§  Ber.  1928,  61,  553.  II 


(VIII) 

56. 

Biochem.  Z.  1907,  2,  319. 

J.  pr.  Chem.  1920  [ii],  101,  273. 
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camphor  and  by  the  oxidation  of  camphor  with  chromic  acid 
(p.  325).  It  yields  camphor  on  reduction  with  sodium  amalgam. 

Reference  has  been  made  on  p.  348  to  the  preparation  by 
Forster  and  Howard  of  the  extremely  unstable  jS-  (10-)  hydroxy- 
camphor. 

SOME  REACTIONS  INVOLVING  THE  CARBON YL 

GROUP 

In  1883  Naegeli*  observed  that  camphor  reacted  readily  with 
hydroxylamine  to  yield  an  oxime  and  thus  conclusively  proved 
the  presence  of  the  carbonyl  group.  d-Camp7ior oxime,  which  can 
be  conveniently  prepared  by  the  method  used  by  Auwers,f  melts 
at  119°,  [a]D  —  42-40°,  whilst  the  enantiomorph  prepared  from 
Z-camphor  has  [a]D  +  41*7°.  J  cZZ-Camphoroxime,  m.p.  118°,  was 
resolved  by  Pope  by  the  use  of  camphor-/?-sulphonic  acid.  The 
absorption  spectrum  in  the  ultra-violet  has  been  studied  by  Baly, 
Marsden  and  Stewart. §  Camphoroxime,  owing  to  its  tendency 
to  pass  into  a-campholenonitrile  (see  below),  can  only  with 
difficulty  be  reconverted  into  camphor.  The  hydrolysis  was  first 
effected  by  Forster,  ||  who,  by  the  action  of  potassium  perman- 
ganate on  the  oxime  in  acid  solution,  obtained  an  unstable  green 
substance,  which  on  reduction  with  zinc  dust  gave  camphor ;  the 
hydrolysis  can,  however,  be  more  readily  carried  out  by  the 
method  used  by  Lap  worth,  If  who  heated  camphoroxime  with  a 
mixture  of  formaldehyde  and  hydrochloric  acid.  Even  under 
these  conditions  conversion  into  the  nitrile  occurs.  A  large 
number  of  derivatives  of  camphoroxime  have  been  prepared  by 
Forster,**  but  these  do  not  require  special  comment. 

On  reduction  with  sodium  in  alcoholic  or  more  readily  in 
amyl  alcoholic  solution,  camphoroxime  yields  a  mixture  of 
isomeric  bases,  bornylamine  (I)  and  neobornylamine  (II).  ft  These 
bases  are  obtained  also  when  camphoroxime  is  reduced  electro- 
lytically,J{  or  by  heating  camphor  with  ammonium  formate 

*  Ber.  1883, 16,  497.  t  Ibid.  1889,  22,  605. 

%  Pope,  J.C.8.  1899,  75,  1109.  §  J.C.S.  1906,  89,  980. 

||  Ibid.  1897,  71,  199.  H  Ibid.  1907,  91,  1133. 

**  Ibid.  1897,  71,  191,  1033. 

ft  Leuckart  and  Bach,  Ber.  1887,  20,  111;  Forster,  J.C.S.  1898,  73,  370;  Kono- 
valov,  J.  Russ.  Phys.  Chem.  Soc.  1901,  33,  46. 
XX  Tafel  and  Pfeffermann,  Ber.  1902,  35,  1515. 
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followed  by  hydrolysis  of  the  formyl  derivative  so  obtained.* 

The  separation  of  the  two  bases  can  be  readily  effected  by  taking 

advantage  of  the  sparing  solubility  of  the  hydrochloride  of  the 

CHo  CH3 
|  H  |  NH2 

H9C  C  C<  H2C  C  

|  XNH2  |  MI 

H3C.C.CH3  H3C.C.CH3 

I  I 
H2C  CH  CH2  H2C  CH  — 

(I)  (II) 

former  base.  Bornylamine  melts  at  163°,  [a]D  +  45-5°,  and  it  has 

been  characterised  by  the  preparation  of  a  large  number  of 

derivatives.")*  iVeobornylamine  is  somewhat  difficult  to  obtain 

pure.  It  was  purified  by  Forster  by  conversion  into  the  sparingly 

soluble  dineobornyloxamide,  which  is  formed  when  the  base  is 

heated  with  ethyl  oxalate,  but  the  purification  is  probably  best 

carried  out  by  using  ^-hydroxymethylenecamphor,  the  use  of 

which  was  first  suggested  by  Pope  and  Readf  (compare  p.  383). 

iVeobornylamine  melts  at  184°,  [a]D  —  43*7°.  It  is  somewhat 

more  readily  soluble  than  bornylamine.  When  treated  with 

nitrous  acid  or  heated  with  acetic  anhydride  at  200°  under 

pressure,  both  bases  yield  camphene.  The  conversion  of  tri- 

methylbornylammonium  hydroxide  into  bornylene  is  referred 

to  on  p.  265.  When  camphoroxime  is  reduced  by  the  Sabatier- 

Senderens  process  using  a  nickel  catalyst  at  180-200°,  it  yields  a 

mixture  of  bornylamine,  dibornylamine  and  camphylamine.§ 

On  oxidation  with  dilute  nitric  acid  camphoroxime  yields  a 

mixture  of  camphoric  and  ^ocamphoronic  acids,  ||  whilst  with 

more  dilute  acid  pernitrosocamphor  (p.   364)  is  obtained. 

Oxidation  in  alkaline  solution  with  potassium  permanganate 

yields  camphoric  acid,  but  in  acid  solution,  in  addition  to  this 

acid,  an  unstable  green  nitrogenous  substance  is  obtained, 

which  gives  on  reduction  camphor.  According  to  Rimini, H  by 

the  action  of  potassium  ferricyanide  in  an  alkaline  solution  a 

*  Leuckart  and  Bach,  Ber.  1887,  20,  104;  Wallach  and  Griepenkerl,  Annalen, 
1892,  269,  347;  Forster,  J.C.S.  1898,  73,  386. 

f  Forster,  J.C.S.  1899,  75,  941;  Forster  and  Hart-Smith,  ibid.  1900,  77,  1155; 
Forster  and  Attwell,  ibid.  1904,  85,  1195. 

%  J.C.S.  1913,  103,  458. 

§  Aloy  and  Brustier,  Bull.  Soc.  chim.  1911  [iv],  9,  733. 

||  Koenigs,  Ber.  1893,  26,  2340;  Forster,  J.C.S.  1897,  71,  197. 

H  Gazzetta,  1896,  26,  n,  513. 
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dimolecular  m>oso -derivative,  m.p.  103-105°,  is  formed,  which 
he  suggests  has  the  formula  (III). 

C.(NO)  (ON).C 


C8H14j 


CH9 


CrH, 


(III) 


Forster*  found  that,  when  camphoroxime  was  treated  with 
potassium  hypochlorite  or  hypobromite,  it  underwent  an  in- 
teresting reaction  yielding  2-chloro-2-nitrocampJiane,  m.p.  217°, 
or  2-bromo-2-nitrocamphane  (IV),  m.p.  220°,  depending  upon 
which  reagent  was  used.  When  either  of  these  substances  is 
treated  with  an  alcoholic  solution  of  potassium  hydroxide 
2-nitrocamphane  (V),  m.p.  147-148°,  [a]D  +  20-4°,  is  obtained. 
The  pseudo-form  (VI),  m.p.  74°,  [a]D  —  94-9°,  can  be  prepared 
by  the  careful  acidification  of  the  potassium  salt.  Like  those  of 
a-chloro-  and  a-nitro-camphors,  alcoholic  solutions  of  pseudo- 
nitrocamphane  show  mutarotation. 
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 CH  — 
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If  2-bromo-2-nitrocamphane  is  digested  with  aqueous  sodium 
hydroxide  solution  a  nitrile  is  obtained,  which  gives  on  prolonged 
boiling  with  alkali  an  amide,  m.p.  90°,  and  finally  an  acid, 
C9H1402,  b.p.  239°/758mm.,  d16°  1-0146,  1-4660.  Forsterf 
has  suggested  that  this  acid,  to  which  he  gives  the  name 
infmcampholenic  acid,  is  1  :  l-dimethyl-2-methylenecyclope?itane- 
5-carboxylic  acid  (VII),  but  direct  proof  of  this  is  not  available. 
On  treatment  with  bromine  in  carbon  disulphide  solution  it 
yields  a  tribromide,  m.p.  182°,  whilst  in  chloroform  solution  a 
dibromide,  m.p.  125°,  is  formed.  When  the  acid  is  digested  with 
sulphuric  acid  it  is  converted  into  isolauronoUc  acid  (VIII). 
Whilst  this  isomerisation  is  not,  as  will  be  seen,  unusual,  the 
formation  of  an  acid  having  an  exocyclic  linkage  has  apparently 

*  J.C.S.  1899,  75,  1144;  1900,  77,  263;  compare  Ginnings  and  Noyes,  J.  Amcr. 
Chem.  Soc.  1922,  46,  2567.  f  J-C.S.  1901,  79,  162. 
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no  analogy,  and  a  renewed  study  of  its  reactions,  more  especially 
of  its  behaviour  on  reduction  and  oxidation,  would  be  of  interest. 

CH3 

H2C  C  :  CH2  H2C  C  CH3 

I 


C02H 


I, 


(VII)  (VIII) 

The  conversion  of  2-bromb-2-nitrocamphane  into  nitro- 
camphene  has  been  referred  to  on  p.  255. 

When  camphoroxime  is  digested  with  mineral  acids  or  with 
acid  chlorides,  it  undergoes  a  Beckmann  transformation  and, 
depending  upon  the  conditions  which  are  used,  yields  either 
a-campholenonitrile,  a-campholenamide,  a-campholenic  acid, 
dihydro-/3-campholenolactone,  /3-campholenamide  or  jS-cam- 
pholenic  acid.*  The  constitution  of  these  various  substances  and 
the  mechanism  of  their  formation  has  been  the  subject  of  much 
controversy,  into  which  it  is  unnecessary  to  enter  here.  The 
primary  product  of  the  reaction  (from  c?-camphoroxime)  is  un- 
doubtedly d-a-campholenonitrile  (IX),  b.p.  226-227°,  [a]D  +  7-3°, 
which  is  then  converted  through  the  amide  (X),  m.p.  130-5°, 
Mz>  ~~  4*9°,  into  d-a-campholenic acid  (XI),  b.p.  142-144°/10  mm., 
d19°  0-9920,  n1/  1-47125,  [a]D  +  9-37°.  The  constitution  of  this 
acid  has  been  established  by  its  oxidation,  either  with  potassium 
permanganate  in  alkaline  solutionf  or  by  chromic  acid,  J 
to  d-di7iydroxydihydro-a-campholenic  acid§  (XII),  m.p.  144°, 
[a]D  +  58-2°,  which  gives  on  further  oxidation  with  chromic  acid 
isoketocamphoric  acid  (XIII),  m.p.  129-130°,  from  which,  by  the 
action  of  potassium  hypobromite,  isocamphoronic  acid  (XIV)  is 
obtained.  The  reactions  involved  are  shown  in  the  scheme  on 
p.  362. 

Although  a-campholenic  acid  is  formed  to  a  small  extent  by 
the  direct  action  of  acids  on  camphoroxime,  it  is  best  prepared 
by  the  hydrolysis  of  the  nitrile  with  alkali.  Attention  has  already 

*  Inter  al.  Naegeli,  Ber.  1884,  17,  805;  Goldschmidt  and  Schmidt,  ibid.  2071; 
Tiemann,  ibid.  1896,  29,  3007;  1897,  30,  243,  328;  Behal,  Bull.  Soc.  chim.  1895  [in], 
13,  837;  Konovalov,     Buss.  Phys.  Chem.  Soc.  1901,  33,  46. 

f  Tiemann  and  Semmler,  Ber.  1896,  29,  529,  3014;  Tiemann,  ibid.  3023. 

j  Thiel,  ibid.  1893,  26,  922. 

§  The  formation  of  pinonic  acid  from  this  acid  is  referred  to  on  p.  110. 
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been  directed  to  the  tendency  for  ^-substituted  derivatives  of 
camphor  to  pass  into  this  acid.  When  a-campholenic  acid  is 
heated  with  mineral  acids,  it  is  converted  into  dihydro-/?- 
campholenolactone,  the  reaction  being  quantitative  if  hydriodic 
acid  is  used,  the  parent  hydroxy  acid  being  obtained  if  the  acid  is 
digested  with  alkali.*  This  lactone  is  a  derivative  of  j8-cam- 
pholenic  acid  and  its  constitution  is  discussed  below.  If  a- 
campholenic  acid  is  boiled  for  some  time,  elimination  of  carbon 
dioxide  occurs  with  the  formation  of  the  hydrocarbon,  cam- 
pholene  (p.  364).  According  to  Ingold  and  Chandrasena,t 
tt-campholenic  acid  is  converted  into  camphor,  when  it  is 
reduced  with  silver  oxide  in  acetone  solution,  a-keto-a-cam- 
pholenic  acid  being  formed  simultaneously.  This  reaction,  for 
which  there  is  no  apparent  analogy,  is  so  remarkable  that  a 
confirmation  would  appear  desirable.  Contamination  of  the 
acid  with  camphor,  formed  by  direct  hydrolysis  of  the  oxime, 
provides  a  possible  explanation.  The  reduction  of  a-canipholenic 
acid  to  the  corresponding  saturated  acid,  a-campholanic  acid,  and 
the  identity  of  this  with  campholic  acid,  is  referred  to  on  p.  367. 

When  a-campholenonitrile  is  heated  with  mineral  acids  it  is 
isomerised  to  ^-campholenonitrile,  which  can,  however,  be  pre- 


*  Tiemann,  Ber.  1897,  30,  405. 


f  J.C.S.  1922,  121,  1552. 
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pared  more  conveniently  by  the  action  of  hydriodic  acid  on 
camphoroxime.*  The  nitrile  is  an  oil,  b.p.  225°,  d20°  0-90935, 
rip  1-47047,  and  it  is  optically  inactive.  On  hydrolysis  with 
alkalies  it  yields  the  corresponding  amide,  m.p.  86°,  which  can  be 
prepared  also  by  the  action  of  acids  on  «-campholenamide,  and 
finally  the  acid,  p-campholenic  acid,  m.p.  52°,  b.p.  185°/120  mm. 
This  acid  is  formed  also,  together  with  a-campholenic  acid,  by 
the  action  of  sodium  amalgam  on  «/3-dibromocamphor.f 
/?-Campholenic  acid  is  not  a  true  derivative  of  camphor,  a 
rearrangement  of  the  methyl  groups  accompanied  by  a  shift  of 
the  ethylenic  linkage  having  occurred  during  the  isomerisation. 
There  can  be  no  doubt  that  it  is  correctly  represented  by  (XV), 
since  on  oxidation  with  potassium  permanganate  it  yields 
dihydroxy-j3-campholenic  acid  (XVI),  of  which  two  isomeric 
forms,  m.p.  146°  and  91°,  are  known.  This  acid  on  further 
oxidation  with  chromic  acid  yields  yy-dimethyllaevulinic  acid 
(XVII),  aa-dimethylglutaric  acid  (XVIII)  and  oxalic  acid. 
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When  jS-campholenic  acid  is  warmed  with  mineral  acids  it 
passes  readily  into  the  lactone  (XIX)  of  hydroxydihydro-fi- 
campJiolenic  acid  (XX),  which  as  mentioned  above  can  be 
prepared  also  from  a-campholenic  acid.f  The  elimination  of 
carbon  dioxide  from  /3-campholenic  acid  proceeds  with  greater 
facility  than  in  the  case  of  the  «-isomeride  and  yields  the  hyclro- 

*  Tiemann,  Ber.  1895,  28,  1083;  1897,  30,  243. 

f  Kachler  and  Spitzer,  Monatsh.  1882,  3,  216;  Ber.  1884,  17,  2400;  Tiemann, 
Ber.  1896,  29,  3010. 

%  Tiemann,  Ber.  1895,  28,  2170;  1897,  30,  405. 
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carbon,  campholene,  b.p.  134°/758  mm.,  d20°  0-8034,  1-4466.* 
There  can  be  no  doubt  that  this  hydrocarbon  must  be  repre- 
sented by  formula  (XXI),  since  it  gives  on  oxidation  yy- 

dimethyllaevulic  acid  (XXII). 

CH3 


CH3 

-C.CH3 
I 

C.CH, 


-C  

OC.CH, 


■CH, 


C.CH3  I 
(XXI)  (XXII) 

Treatment  of  camphoroxime  in  either  acetic  acid  or  hydro- 
chloric acid  solution  with  sodium  nitrite  yields  pernitroso- 
camphor.-f  This  substance  can  be  prepared  also  by  the  action  of 
nitrosyl  chloride  on  a  chloroform  solution  of  the  oxime  or  its 
sodium  salt,  J  by  treatment  of  the  oxime  with  nitrogen  dioxide§ 
or  by  the  action  of  nitrous  acid  on  its  ethereal  solution.  ||  Two 
forms  of  pernitrosocamphor  have  been  prepared,  a  stable  modi- 
fication (XXIII),  m.p.  43°,  and  an  unstable  pseudo-fovm 
(XXIV),  m.p.  65-70°.  The  latter  is  obtained  when  a  solution  of 
the  stable  modification  in  dilute  alkali  is  carefully  acidified. If 

C:NH 


CgH14 

CH2 

(XXIII) 

CoH, 


CH  CH2 
(XXIV)  (XXV) 
Like  pernitrosofenchone  (p.  475),  pernitrosocamphor  gives 
on  treatment  with  concentrated  sulphuric  acid  isocamphor, 
l-methyl-3-^5opropyl-A1-cyclohexen-6-one.  On  reduction  with 
aluminium  amalgam  a  mixture  of  bornylamine  and  weobornyl- 
amine  is  formed,  whilst  ammonia  converts  it  into  camphorimine 
(XXV),  m.p.  95°.  This  substance,  whichis  extremely  poisonous,** 
is  the  primary  product  of  the  action  of  nitrous  acid  on  cam- 

*  Behal,  Bull.  Soc.  chim.  1895  [iii],  13,  844;  Tiemann,  Ber.  1895,  28,  2185;  1897, 
30,  594. 

f  Angeli  and  Rimini,  Ber.  1895,  28,  1078;  Gazzetta,  1899,  29,  n,  36. 
%  Angelucci,  Annalen,  1905,  341,  180. 
§  Forster,  J.C.8.  1897,  71,  198. 

||  Tiemann,  Ber.  1895,  28,  1080;  Mahla  and  Tiemann,  ibid.  1896,  29,  2807. 
If  Hantzsch  and  Dollfus,  ibid.  1902,  35,  260. 
**  Merling,  ibid.  1896,  29,  2808. 
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phoroxime  and  can  be  separated  from  pernitrosocamphor  by 
taking  advantage  of  the  sparing  solubility  of  its  nitrate.  By  the 
action  of  hydrogen  cyanide  on  camphorimine  Houben  and  Pfan- 
kuch*  obtained  a  nitrile,  m.p.  170-171°,  which  by  the  action 
of  nitrous  acid  gave  a  substance,  m.p.  159°,  which  they  suggest- 
ed was  camphor cyanohydrin.  An  isomeric  camphorcyanohydrin, 
m.p.  209°,  was  prepared  by  the  action  of  hydrogen  cyanide  on 
pernitrosocamphor.  Lapworth,  Manske  and  Robinson  f  pointed 
out  the  extreme  improbability  that  either  of  these  substances 
could  be  camphorcyanohydrin,  and  the  more  recent  experiments 
of  Houben  and  PfankuchJ  have  shown  this  criticism  to  be 
justified.  The  cyanohydrin,  m.p.  159°,  has  been  shown  to  be 
represented  by  (XXVI),  since  it  can  be  converted  through  the 
ketone  (XXVII)  into  camphenecamphoric  acid  (XXVIII).  The 
isomeric  "cyanohydrin,"  m.p.  209°,  has  been  found  to  be  the 
amide  of  camphene-l-carhoxylic  acid  (XXIX),  its  formation 
from  pernitrosocamphor  evidently  involving  a  complex  series 
of  reactions. 


H9C— 


H2C 


;02H 
(XXVIII) 


CO.NHs 
(XXIX) 


When  camphorimine  is  heated  in  a  current  of  air  at  100°  ring 
fission  occurs  with  the  formation  of  a  nitrile,  C10H17N,  and 
fi-isopropyl-8-acetylvaleronitrile  (XXXI).  §  The  former  nitrile  was 
considered  to  be  that  of  dihydro-a-campholenic  acid  and  was 
represented  by  formula  (XXX),  although  no  direct  evidence  of 

*  Ber.  1927,  60,  586;  compare  Passerini,  ibid.  1201. 

f  J.C.S.  1927,  p.  2052. 

t  Annalen,  1930,  483,  271;  1931,  489,  193. 

§  Mahla  and  Tiemann,  Ber.  1900,  33,  1930. 
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its  structure  was  obtained.  On  hydrolysis  of  the  nitrile  a  liquid 
acid,  b.p.  160o/22  mm.,  [a]D  +  28-26°,  was  obtained,  from  which 
an  amide,  m.p.  143°,  [a\D  +  2-5°,  was  prepared.  If  this  acid  has 
been  correctly  formulated,  it  should  be  identical  with  one  of  the 
acids  having  this  composition  obtained  by  Guerbet*  by  the 
fusion  of  camphor  with  potassium  hydroxide. 


H2C- 


H2C 


CH3 

H3C .  C .  CH£ 

 CH  — 

(XXV) 


C:NH 


CH3 
I 

-CH 


CHS 


H3C.C. 


CH, 


 CH- 

(XXX) 


CN 


-CH, 


CH3 

H2C  CO  CN 

H3C .  CH .  CH3 
 CH  CH 


H2C 


(XXXI) 


When  camphor  is  fused  with  potassium  hydroxide  it  yields 
two  acids,  generally  known  as  campholic  and  ^ocampholic  acids, 
the  former  being  obtained  in  larger  amount.  These  acids,  the 
latter  of  which  is  an  oil,  have  long  been  known,  since  the  former 
was  isolated  in  1841  by  Delalandef  as  a  product  of  the  distillation 
of  camphor  over  potassium  hydroxide.  Campholic  acid,  d-  and 
1-,  m.p.  106-107°,  amide,  m.p.  79-80°,  dl-,  m.p.  109°,  amide, 
m.p.  90°,  is  undoubtedly  represented  by  formula  (XXXII),  since 
it  yields  on  oxidation  with  nitric  acid  a  mixture  of  camphoric 
and  camphoronic  acids.  This  constitution  has  been  confirmed  by 
its  synthesis  by  Haller  and  Blanc  J  by  the  reduction  of  bromo-d- 
campholic  acid  (XXXIV)  prepared  by  the  action  of  hydrogen 
bromide  on  a-campholide  (XXXIII). 


CH3 
•c— 


CH3 

I 

-c — 


CHa 


■CO,H 


H2C- 


HqC.C. 


CH, 


1L 


CH.CH, 


H2C 


H3C .  C .  CH3 

I 

 CH.CH2Br 


HBr 


C  

HoC .  C .  CH, 


■CO 


H2C 


/ 

CH2 


(XXXII) 


(XXXIV) 


(XXXIII) 


Much  greater  difficulty  has  been  met  with  in  determining  the 
constitution  of  ^ocampholic  acid.  From  its  method  of  formation 
it  may  be  either  stereoisomeric  with  campholic  acid,  or  repre- 

*  Bull.  Soc.  chim.  1894  [iii],  12,  905;  1895  [iii],  13,  769;  1910  [iv],  7,  68. 
f  Ann.  chim.  1841  [iii],  1,  120. 
J  Compt.  rend.  1900, 130,  376. 
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sented  by  either  formula  (XXXV)  or  (XXXVI).  If  the  former 
be  the  correct  representation,  then  s'socampholic  acid  should  be 
identical  with  Mahla  and  Tiemann's  dihydro-a-campholenic  acid, 
and  also  with  the  acid  prepared  by  the  reduction  of  a-campho- 
lenic  acid  (XXXVII).  The  reduction  of  a-campholenic  acid  was 
unsuccessfully  attempted  by  Behal,*  but  has  been  achieved  by 


H„C- 


CH, 
I 

CH 


H3C.C.CHa 

_4h_ 


CH, 


CH3 

 C  

HoC .  C .  CHc 


(XXXV) 


H2C  CH — C02H 

(XXXVI) 


H2C 


CH3 

:C  C02H 
H3C .  C .  CH3  j 
 CH  CH2 


(XXXVII) 


Kregtenf  and  by  Lipp.  J  By  the  reduction  of  dZ-a-campholenic 
acid  (from  dZ-camphoroxime)  with  hydrogen  in  the  presence  of 
platinum  black,  Lipp  prepared  cis-d\-campholanic  acid,  b.p. 
150-9-151-2°/14  mm.,  which  gives  an  amide,  m.p.  129-130°,  the 
amide  of  the  corresponding  d-acid  melting  at  150°.  By  the 
reduction  of  cs-campholenamide,  he  prepared  the  amide  of  trans  - 
dl-campholanic  acid  and  this  melted  at  124-5-125°.  This  latter 
amide  was  found  to  be  identical  with  the  amide  of  dl-dihydro- 
a-campholenic  acid  prepared  by  Mahla  and  Tiemann's  method 
from  camphoroxime.  Proof  was  thus  obtained  that  dihydro- 
a-campholenic  and  tfrcms-campholanic  acids  were  identical,  but 
Lipp  was  less  successful  in  his  attempt  to  establish  the  identity 
of  ^ocampholic  acid  and  either  cis-  or  tfraws-campholanic  acids. 
Their  identity  has,  however,  been  established  by  the  ingenious 
experiments  of  v.  Braun  and  Heymons.§  It  had  been  observed 
by  v.  Braun  that,  when  the  amides  or  alkyl  amides  of  acids, 
which  had  the  carboxyl  group  attached  to  a  tertiary  carbon 
atom,  were  treated  with  phosphorus  pentachloride,  a  chloroimide 
was  formed,  from  which  the  original  acid  could  be  regenerated 
by  the  action  of  water.  If,  however,  the  acid  contained  a  — CH 
or  — CH2  group  in  the  ^-position  to  the  carboxyl  group,  then,  on 
treatment  with  phosphorus  pentachloride,  a  di-  or  tri-chloride 

*  Bull.  Soc.  chim.  1895  [iii],  13,  846;  1904  [iii],  31,  179. 
|  Bee.  trav.  chim.  1916,  36,  64. 
t  Ber.  1922,  55,  1883. 

§  Ibid.  1928,  61,  2276;  compare  Rupe  and  Briellmann,  Helv.  Chim.  Acta,  1922, 
5,  767. 
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was  obtained,  which  with  water  gave  a  chloro-  or  dichloroamide. 
The  reactions  are  indicated  by  the  scheme : 


PCL 


JL.C.CONHR 


R3.C.C(C1):NR 

R2.CC1.C(C1):NR 

R.CC12.C(C1):NR 


R,.C.CONHR 


R.CCL.CONHR 


On  applying  this  reaction  of  isocampholethylamide  (XXXVIII), 
m.p.  41-42°,  a  dichloroiminochloride  (XXXIX),  b.p.  145- 
150°/ 15  mm.,  was  obtained,  which  on  treatment  with  water 
gave  dichloroisocampholethylamide  (XL),  m.p.  73-77°,  b.p.  125- 
127°/0-2  mm.  There  can  therefore  be  no  doubt  that  isocampholic 
acid  is  identical  with  campholanic  acid,  and  that  Lipp's  failure 
to  establish  the  identity  was  due  to  the  difficulty  encountered  in 
purifying  isocampholic  acid. 


CH3 
I 

H2C  CH  NH.C2H6 

H3C.C.CH3  CO  PCle 
oC  CH  CHo 


CH3 

•in 

I 


H2C 


HqC .  C .  CH^ 

I  Vl 
 CH  CC1 


N.C2H5 
CC1 


H2C 


CH3 

-CH  NH.C2H£ 

I  I 
.C.CH3  CO 

-CH — CC12 


(XXXVIII)  (XXXIX)  (XL) 

Additional  proof  of  the  presence  of  the  group  — CH2C02H  in 
isocampholic  acid  was  furnished  by  its  conversion  into  noriso- 
campholic  acid,  2:2:  3-trimethylcyc\opentanecarboxylic  acid 
(XLI),  b.p.  130o/12  mm.,  ethylimide,  m.p.  68-69°,  by  the  reactions 
shown  in  the  scheme : 


CH, 


 CH      C02C2H5  H20 

H,C.C.CH 


CH3 

I 

CH 


H2C 


CH  CH£ 

CH3 
I 

CH 


H3C .  C .  CH3 

I 

 CH  — 


HBr 


CH9 


H3C .  C .  CHi 
(XLI) 


C02H  H2C 


CH3 

 CH 

I 

H3C .  C .  CH3 
 CH  — 


CH, 


CH 


CH3 
■CH 


H3C.C.CH3 

I 

 CH  — 


CH9Br 


CHS 


CH3 

— L 

1 

H3C .  C .  CH3 
—  CH- 


i 

CH2N(CH3)3OH 


CH? 


Camphorhydrazone,  which  can  be  readily  prepared  by  the 
action  of  hydrazine  on  the  ketone,  melts  at  55°  and  the  azine 
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which  is  formed  simultaneously  melts  at  182°.  The  conversion  of 
the  hydrazone  into  camphane  has  been  referred  to  on  p.  222. 
Camphorhydrazone  has  also  been  prepared  by  heating  camphor - 
quinonemonohydrazone  with  hydrazine  hydrate  at  150°.* 

SOME  REACTIONS  OF  CAMPHOR  INVOLVING 
THE  a-CARBON  ATOM 

The  — CH2  group  adjacent  to  the  carbonyl  group  in  camphor  is 
extremely  reactive  and  it  will  be  convenient  to  consider  together 
some  of  the  diverse  reactions  in  which  this  group  is  involved. 

Although  there  can  be  no  doubt  that  camphor  reacts  with 
sodium  in  its  enolic  form  (I),  and  the  existence  of  this  tauto- 
meride  in  solution  is  confirmed  by  the  action  of  the  Grignard 
reagent,  |  the  only  derivative  known  would  appear  to  be  the 
ethyl  ether  (III).  Camphor -enol-ethyl  ether  or  2-ethoxybornylene 
was  prepared  by  Bredt-Savelsberg  and  RumscheidtJ  from 
camphoracetal  (II),  b.p.  102-103°/ll-5  mm.,§  by  the  action  of 
phosphorus  pentoxide  in  pyridine  solution.  It  is  an  oil,  b.p. 
73-9-75-l°/12mm.,  ^?"8°  0-9536,  1-46795,  and  gives  on 

oxidation  with  potassium  permanganate  fi-ethyl  hydrogen  cam- 
phorate  (IV).  It  is  extremely  unstable  and  is  readily  hydrolysed 
to  camphor  by  water  or  dilute  acids. 


C(OH) 


C8H14 


CoH, 


CH 


COC2H5 


C02C2H5 


CfiH, 


CH2  CH  C02H 

(I)  (II)  (III)  (IV) 

A  large  number  of  derivatives  of  camphor  have  been  prepared 
by  taking  advantage  of  the  reactivity  of  sodiocamphor .  It  will 
not  be  possible  to  discuss  all  these  in  detail  and  only  the  more 
important  reactions  will  be  referred  to.  Sodiocamphor  is  ob- 
tained when  camphor  is  allowed  to  react  with  sodium  in  any 
neutral  solvent  (ether,  benzene,  etc.).  When  prepared  in  this 
manner,  it  is  always  contaminated  with  the  sodium  derivatives 

*  Forster  and  Kunz,  J.C.8.  1914, 105,  1721. 

f  Bredt-Savelsberg,  J.  pr.  Chem.  1924  [ii],  107,  65. 

X  Ibid.  1927,  [ii],  115,  65. 

§  Compare  Arbusov,  J.  Russ.  Phys.  Chem.  Soc.  1908,  40,  637. 
st  ii  24 
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of  borneol  and  ^oborneol,  owing  to  partial  reduction  of  the 
ketone  during  the  preparation  of  the  sodium  compound.  It  can 
be  obtained  in  a  higher  state  of  purity  by  the  use  of  sodamide  in 
place  of  sodium.*  When  sodiocamphor  is  heated  in  toluene 
solution  it  yields  a  mixture  of  campholic  and  ^ocampholic  acids, 
bornylcamphor,  and  bornylenecamphor,f  whilst  by  the  action 
of  iodine  a-iodocamphor  is  obtained.^  It  has  also  been  shown  by 
Morgan  and  his  collaborators§  that  it  can  be  used  for  the  pre- 
paration of  arsenic,  antimony  and  phosphorus  derivatives  of 
camphor. 

In  1870  Baubigny||  observed  that,  when  carbon  dioxide  was 
allowed  to  react  with  sodiocamphor  in  toluene,  an  acid  was 
formed.  This  acid  was  prepared  subsequently  by  Kachler  and 
Spitzerl[  by  the  action  of  sodium  and  carbon  dioxide  on  aa- 
dibromocamphor,  and  by  Oddo**  in  a  similar  manner  from 
a-bromocamphor,  whilst  Hallerf  f  obtained  it  by  the  hydrolysis 
of  a-cyanocamphor  (p.  375).  Camphor  car  boxylic  acid  (V)  can  be 
obtained  also  by  the  Grignard  reaction  from  a-bromocamphor,  J  t 
but  it  is  best  prepared  from  sodiocamphor  by  the  action  of 
carbon  dioxide  under  the  conditions  described  by  Bredt  and 
Sandkuhl.§§  A  partial  synthesis  of  camphorcarboxylic  acid  has 
been  achieved  by  Ruzicka,||||  who  prepared  ethyl  camphor  - 
carboxylate  by  the  action  of  sodium  ethylate  on  ethyl  homo- 
camphorate.  This  synthesis  is  of  interest,  since  homocamphoric 
acid  can  be  very  readily  obtained  by  heating  camphorcarboxylic 
acid  with  sodium  ethylate  at  200°  in  an  autoclave. Hff  The  d-  and 
Z-acids  melt  at  127-128°,  [a]D  ±  18°;  decomposition  occurs  at 
the  melting-point  with  evolution  of  carbon  dioxide  and  camphor 
is  regenerated.  In  aqueous  solution  the  acid  gives  with  ferric 

*  Briihl,  Ber.  1903,  36,  1305;  1904,  37,  2171. 

t  de  Montgolfier,  Ann.  chim.  1878  [v],  14,  99;  Guerbet,  ibid.  1895  [vii],  4,  291; 
Bull.  Soc.  chim.  1910  [iv],  7,  69. 

%  Haller,  Compt.  rend.  1878,  87,  843;  Briihl,  Ber.  1904,  37,  2172. 

§  Morgan,  Mickelthwait  and  Whitby,  J.C.S.  1910,  97,  34;  Morgan  and  Moore, 
ibid.  1698. 

||.  Ann.  chim.  1870  [iv],  19,  221.  IT  Monatsh.  1881,  2,  237. 

**  Gazzetta,  1893,  23,  1,  74. 

ff  Compt.  rend.  1886,  102,  1477;  compare  Minguin,  ibid.  1891,  112,  1369. 

tt  Zelinski,  Ber.  1903,  36,  208;  Briihl,  ibid.  688;  Malmgren,  ibid.  2622. 

§§  Annalen,  1909,  366,  11. 

||  ||  Helv.  Chim.  Acta,  1920,  3,  745. 

Till  Haller  and  Minguin,  Compt.  rend.  1890,  110,  410. 
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chloride  a  blue  coloration,  which  on  keeping  becomes  green. 
When  oxidised  with  nitric  acid  camphoric  acid  is  obtained, 
whilst  with  an  alkaline  solution  of  potassium  permanganate  a 
mixture  of  this  acid  and  camphorquinone  results.*  Camphor- 
carboxylic  acid  can  be  readily  chlorinated  and  brominated,  the 
chloro-dbtid  melting  at  93-94°f  and  the  6rorao-acid  at  112-113°4 
Both  acids  on  heating  yield  the  corresponding  a-halogenated 
camphors.  Although  camphorcarboxylic  acid  itself  and  its 
halogen  derivatives  have  only  been  prepared  in  one  modification, 
it  is  of  interest  to  note  that  Briihl§  has  obtained  methyl  bromo- 
camphorcarboxylate  in  two  modifications,  m.p.  53-54°  and  60-61°, 
which  are  probably  represented  by  the  formulae  (VI)  and  (VII). 


CO 


CO 


CO 


\ 


CSH, 


(V) 


..Br 

VlOs 
(VI) 


.CO.CH, 


CH? 


^Br 
(VII) 


It  does  not  appear  to  have  been  determined  whether  solutions 
of  camphorcarboxylic  acid  show  mutarotation,  but  this  has 
been  observed  to  occur  in  the  case  of  solutions  of  the  amide  and 
piperide,  the  curves  being  of  considerable  complexity.  ||  The 
absorption  spectrum  of  camphorcarboxylic  acid  has  been  studied 
by  Lowry  and  his  collaborators  in  the  course  of  an  elaborate 
series  of  investigations.^  On  treatment  with  nitrous  acid  cam- 
phorcarboxylic acid  yields  isonitrosocamphor  (p.  387)  and  cam- 
phorquinone (p.  386).** 

If  the  acid  chloride  of  bromocamphorcarboxylic  acid  is  dis- 
tilled it  yields,  according  to  Staudinger  and  Schotz,ff  a  mixture 
of  two  c?/cfobutane  derivatives  (VIII)  and  (VIII  a)  melting  at 
152-153°  and  150-151°  respectively.  On  hydrolysis  with  alkali 
they  yield  the  parent  acid. 

*  Aschan,  Ber.  1894,  27,  1447. 

f  Schiff  and  Puliti,  ibid.  1883,  16,  887. 

%  de  Santos  e  Silva,  ibid.  1873,  6,  1092;  Aschan,  ibid.  1894,  27,  1445. 

§  Ibid.  1902,  35,  4114. 

||  Lowry  and  Glover,  J.C.S.  1913,  103,  913. 

IT  Ibid.  1909,  95,  807,  1340;  1910,  97,  899,  905. 
**  Oddo,  Gazzetta,  1893,  23,  i,  87. 
ft  Ber.  1920,  53,  1105. 
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By  the  action  of  acetyl  chloride  on  camphorcarboxylic  acid 
Kachler  and  Spitzer*  obtained  a  substance,  C22H2804,  m.p. 
195-196°,  which  has  been  found  by  Staudinger  and  Schotzf  to 
be  formed  also  when  the  acid  chloride  of  camphorcarboxylic 
acid  is  distilled.  This  substance  is  probably  represented  by 
formula  (IX),  and  when  shaken  with  hydrochloric  acid  it  gives 
the  acid  (X),  m.p.  262°.  The  latter  on  warming  with  alkali  yields 
the  triketone  (XI). 


CO 


OC 


CJ 


Hi 


,COs 


CqH, 


(VIII) 


CoH, 


C  0  OC 


CO 


CO 


COv 

c<  >cx 

CO/  I  XH, 

oc/ 

(VIII  a) 
CO  OC 


(IX) 


H09C 


CH— CO — C 


(X) 


CO 


\ 


CH— C0- 
(XI) 


OC 


-CH 


Although  camphorcarboxylic  acid  cannot  be  reduced  to  the 
corresponding  hydroxy  acid  by  sodium  in  alcoholic  solution  or 
by  any  of  the  ordinary  methods,  electrolytic  reduction  proceeds 
smoothly  if  a  potassium  amalgam  cathode  be  used.  Two  stereo- 
isomeric  borneolcarboxylic  acids  are  thus  obtained  and  have 
been  studied  in  great  detail  by  Bredt  and  his  collaborators.^ 

*  Monatsh.  1881,  2,  241. 
t  Ber.  1920,  53,  1105. 

%  Bredt,  Scheen  and  Quaritsch,  Annalen,  1906,  348,  199;  Bredt  and  Sandkuhl, 
ibid.  1909,  366,  16;  J.  pr.  Chem.  1922  [ii],  104,  1;  Bredt,  Drouven,  Schumann  and 
Scholl,  ibid.  1931  [ii],  131,  132. 
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cis-Borneolcarboxylic  acid  (XII)  melts  at  101-102°  (dl.  m.p.  129- 
130°)  and  the  trans-acid  (XIII)  at  171°  (dl  m.p.  144-145°),  the 
former  being  converted  into  the  latter  on  warming  with  acetyl 
chloride.  Both  acids  yield  on  dehydration  the  same  bornylene- 
carboxylic  acid  (XIV),m.p.  112-113°  (dl.  m.p.  110-112°),  the  con- 
version of  which  into  bornylene  has  been  referred  to  on  p.  264. 
This  acid  must  have  the  constitution  assigned  to  it,  since  it  gives 
on  reduction  camphane-3-carboxylic  acid.  The  preparation  of 

CH3  CH3 
H  I  ,OH  | 

H2C  C  C; 

OH  | 


CHS 
I 

-C- 
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H9G 
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I 

CH  CH.C02H 

(XII) 


H3C.C.CH3 
9C  CH  


(XIII) 


\ 


H,C- 


CH 


H 


I 

H3C.C.CHa 

 CH  — 

(XIV) 


C.C02H 


epicamphor  from  bornylenecarboxylic  acid  will  be  described 
on  p.  426.  It  was  mentioned  in  discussing  the  conversion  of 
bornylenecarboxylic  acid  into  bornylene  (p.  264  footnote),  that, 
when  the  acid  was  treated  with  hydrogen  bromide  in  acetic  acid 
solution,  it  gave  the  normal  /^bromide  (XV),  whilst  in  aqueous 
solution  an  isomeric  bromide  was  obtained.  The  normal  bromide 
gives  on  warming  its  sodium  salt,  in  addition  to  bornylene  and 
bornylenecarboxylic  acid,  the  lactone  (XVII),  which  is  derived 
from  the  cis-hydroxy  acid  (XVI). 
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The  formation  of  the  isomeric  bromo-acid,  m.p.  157°,  by  the 
action  of  aqueous  hydrogen  bromide  involves  a  Wagner  re- 
arrangement, since  this  acid  is  represented  by  the  formula 
(XVIII).  It  yields  on  treatment  with  sodium  carbonate  the 
tr&ns-hydroxy  acid  (XIX),  m.p.  176°,  which  gives  on  dehy- 
dration the  camphenecarboxylic  acid  (XX),  m.p.  76-77°.  This 
acid  can  be  prepared  also  by  digesting  the  bromo-acid  with 
quinoline;  it  shows  no  tendency  to  isomerise  to  bornylenecar- 
boxylic  acid.  On  hydration  of  camphenecarboxylic  acid  (XX) 
a  " reverse"  Wagner  rearrangement  occurs  with  the  formation 
of  the  two  borneolcarboxylic  acids  (XXI)  and  (XXII),  melting 
respectively  at  180-181°  and  172°.  The  latter  is  of  course  iden- 
tical with  the  acid  prepared  by  the  reduction  of  camphorcar- 
boxylic  acid  (p.  372). 
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CH.C02H  H2C 


H3C .  C .  CH3 

 CH  
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Methyl  camphor carboxylate,  b.p.  142-5-143°/12  mm.,*  gives 
with  ferric  chloride  in  alcoholic  solution  a  lilac  coloration,  and 
it  readily  yields  a  sodium  derivative.  Like  ethyl  acetoacetate  it 
can  react  in  both  the  enolic  and  ketonic  forms  (XXIII)  and 
(XXIV),  derivatives  of  both  having  been  prepared. 

COH 


CoH, 


C.C02CH3 
(XXIII) 


CO 


CH.C02CH3 
(XXIV) 


Thus,  when  the  sodium  derivative  of  the  ester  is  treated  with 
benzoyl  chloride  in  light  petroleum  solution,  it  yields  methyl 
O-benzoylcamphorcarboxylate  (XXV),  m.p.  58-59-5°,t  whilst  by 
the  action  of  methyl  iodide  methyl  Z-methylcamphor carboxylate 

*  Bruhl,  Ber.  1902,  35,  2515. 
t  Bruhl,  ibid.  1903,  36,  4273. 
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can  be  prepared.*  Two  forms  of  this  ester  have  been  described, 
one  of  which  is  crystalline,  m.p.  87°,  [a]D  +  17-25°,  and  the  other 
an  oil,  b.p.  135-140°/13  mm.,  [a]D  +  75°.  These  two  esters  are 
probably  the  stereoisomerides  (XXVI)  and  (XXVI  a). 

C.02C.C6H5  CO  CO 


C.C02CH3 
(XXV) 


(  ,  CH3 

^\C02CH3 
(XXVI) 


\CH3 
(XXVI  a) 


By  hydrolysis  of  the  crystalline  ester  the  corresponding  acid, 
m.p.  104°,  has  been  prepared,  which  readily  loses  carbon  dioxide 
with  the  formation  of  a-methylcamphor.  If  the  liquid  ester  is 
hydrolysed  with  potassium  hydroxide  in  a  sealed  tube,  it  yields 
a  mixture  of  a-methylcamphor  and  fi-meihylhomocamphoric  acid 
(XXVII),  m.p.  143°,  [a]D  +  38-14°.  A  stereoisomeric  modifica- 
tion of  this  acid,  m.p.  178-180°,  [a]D  +  26-31°,  is  obtained  by 
the  hydrolysis  of  a-methyl-a-cyanocamphor  (XXXIV)  (p.  376). f 


CH3 

H,C  C  CO 

I 

HoC .  C .  CHC 


CHa 


H2C  CH  C(CH3) .  C02CH3 

(XXVI) 
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H3C.C. 
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CH(CH3).C02H 
(XXVII) 


A  large  number  of  other  derivatives  of  the  esters  of  camphor- 
carboxylic  acid  have  been  prepared,  but  these  do  not  require 
specific  mention. 

The  nitrile  of  camphorcarboxylic  acid,  a-  (or  3-)  cyanocamphor 
(XXX),  was  obtained  originally  by  HallerJ  by  the  action  of 
cyanogen  or  cyanogen  chloride  on  sodiocamphor,  but,  as  was 
shown  by  Bishop,  Claisen  and  Sinclair, §  it  can  be  prepared  much 
more  conveniently  by  the  action  of  hydroxylamine  on  an  alkaline 
solution  of  hydroxymethylenecamphor  (XXVIII),  the  oxime 
(XXIX)  being  an  intermediate  product  of  the  reaction. 

*  Minguin,  Compt.  rend.  1903,  137,  1067;  Briihl,  Ber.  1902,  35,  3623. 
f  Haller  and  Minguin,  Compt.  rend.  1894,  118,  691. 
%  Ibid.  1878,  87,  843. 

§  Annalen,  1894,  281,  349;  compare  Lapworth,  J.C.S.  1900,  77,  1058. 
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C:CHOH 
(XXVIII) 


OrEL 


CH.CH :  NOH 
(XXIX) 


CH.CN 
(XXX) 


a-Cyanocamphor,  which  is  dimorphous,  melts  at  127-128°, 
[a]D  +  12-16°  (in  alcohol) ;  its  rotatory  power  shows  very  marked 
variations  depending  upon  the  nature  of  the  solvent  and  the 
concentration  of  the  solution.*  On  bromination,  preferably  with 
sodium  hypobromite,  bromocyanocamphor,  m.p.  74-75°,  is  ob- 
tained, the  corresponding  chloride  melting  at  98-100°.  By 
prolonged  digestion  with  aqueous  sodium  hydroxide  the  cyano 
group  is  hydrolysed,  ring  fission  occurring  simultaneously  with 
the  formation  of  homocamphoric  acid  (XXXI)  (Haller),  whilst, 
when  warmed  for  a  short  time  with  an  alcoholic  solution  of 
potassium  hydroxide,  the  corresponding  nitrile  (XXXII)  is 
obtained,  f 

C02H  C02H  C0CH3  CO 


CoH, 


CrH, 


CrH, 
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CH2.CN 


C.CN 


CH5 


CN 
(XXXIV) 


CH2.C02H 

(XXXI)  (XXXII)  (XXXIII) 

Like  the  esters  of  camphorcarboxylic  acid,  a-cyanocamphor, 
which  is  soluble  in  alkali,  can  react  both  in  its  enolic  and  ketonic 
modifications,  and  derivatives  of  both  are  known.  Thus,  when  the 
sodium  derivative  is  treated  with  methyl  iodide  in  alcoholic 
solution,  it  yields  a  mixture  of  the  O-alkyl  derivative  (XXXIII), 
m.p.  63°,  [a]D  +  146°  (in  benzene),  and  the  C-alkyl  derivative, 
b.p.  170-180°/36  mm.,  [a]D  +  93-7°  (in  benzene).  The  two  alkyl 
derivatives  can  be  readily  distinguished,  since  the  former  gives 
on  hydrolysis  a-cyanocamphor,  whilst  the  latter,  on  prolonged 
boiling  with  dilute  hydrochloric  acid,  is  converted  into  /3- 
methylhomocamphoric  acid  (XXVII)  (see  above).  Forster  and 
JuddJ  have  found  that  a-cyanocamphor  reacts  readily  with 

*  Haller  and  Minguin,  Compt.  rend.  1903,  136,  1527. 

f  Minguin,  Ann.  chim.  1890  [vi],  20,  523;  1894  [vii],  2,  394. 

t  J.C.S.  1910,  87,  371. 
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magnesium  methyl  iodide  to  give  the  imine  of  acetylcamphor 
(XXXV),  m.p.  126°,  which  when  boiled  with  dilute  hydro- 
chloric acid  yields  acetylcamphor  (XXXVI). 


CO 


CH.C:NH 


(XXXV) 


CO 


CH.CO.CH, 


(XXXVI) 


For  the  preparation  of  the  monoalkyl  derivative  of  camphor 
having  the  formula  (XXXVII),  two  general  methods  are 
available:  (i)  treatment  of  sodiocamphor  with  alkyl  halides,  and 
(ii)  elimination  of  carbon  dioxide  from  alkylated  camphor- 
carboxylic  acids.  In  general  the  properties  of  the  alkylated 
camphors  resemble  those  of  camphor.  Thus  a-methylcamphor 
(XXXVIII),  which  has  been  prepared  by  the  action  of  methyl 
iodide  on  sodiocamphor*  and  by  the  hydrolysis  of  methyl 
3-methylcamphorcarboxylate  (p.  374),f  crystallises  in  leaflets, 
m.p.  38°,  b.p.  220-221°,  [a]D  +  30°.  It  yields  on  bromination 
a' -bromo-a-methylcamphor  (XXXIX),  m.p.  62-5°,  [a]D  +  184-4°, 
from  which  by  the  action  of  alkali  a-methylenecamphor  (XL), 
m.p.  30-35°,  [a]D  +  127-5°,  can  be  prepared. 
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(XXXVII) 
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CH.CHa 
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\CH£ 
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C:CH2 
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The  monoalkyl  derivatives  of  camphor  should  exist  in  two 
stereoisomeric  modifications,  corresponding  to  the  a-  and  a  - 
forms  of  chloroeamphor.  These  do  not  appear  to  have  been 
isolated,  but  from  benzylcamphor  (XLI)  two  bromobenzyl- 
camphors  (XLII)  and  (XLII  a),  m.p.  94-95°,  [a]D  +  61°,  and 


*  Haller  and  Bauer,  Compt.  rend.  1909, 148,  1645;  Ann.  chim.  1917  [ix],  8,  117. 
f  Minguin,  Ann.  chim.  1894  [vii],  2,  284;  Briihl,  Ber.  1902,  35,  3624;  Glover, 
J.C.S.  1908,  93,  1291. 
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m.p.  90-91°,  [a]D  +  20°,  have  been  prepared.*  These  bromides 
must  be  stereo-  and  not  structural  isomerides,  since  they  both 
yield  benzylidenecamphor  (see  below)  on  treatment  with  alkali. 
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Dialkyl  derivatives  of  camphor  (XLIII)  can  be  prepared  by 
the  treatment  of  sodiocamphor  or  sodioalkylcamphors  with 
alkyl  halides.  They  have  been  chiefly  studied  by  Haller  and 
his  collaborators. f  Dimethylca?nphor  (XLIV)  is  an  oil,  b.p. 
106°/11  mm.,  [a]D  +  92-7°.  Like  fenchone  (p.  463)  ring  fission 
occurs  when  the  ketone  is  heated  with  sodamide  in  benzene 
solution  with  the  formation  of  dimethylcampholamide  (XLV). 

CO  CO  CONH2 


CqH, 


CR2 
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C«H, 
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,CHS 
CH, 


CH(CH3)2 
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A  number  of  alkylidene  derivatives  of  camphor  have  been  de- 
scribed and,  as  typical  of  the  class  a-benzylidenecamphor  (XL VI), 
maybe  considered.  ^-Benzylidenecamphor,  m.p.  98°,  [a^H-  451° 
(in  chloroform),  oxime,  m.p.  197°,  was  first  prepared  by  Haller  t 
by  the  interaction  of  sodiocamphor  and  benzaldehyde,  and  sub- 
sequent^ by  the  action  of  benzaldehyde  on  sodioborneol  and 
isoborneol.  As  mentioned  above,  it  was  obtained  by  Haller  and 
Minguin  by  the  action  of  alkali  on  the  two  isomeric  bromobenzyl- 
camphors.  Of  interest  also  is  its  preparation  by  the  reduction 
of  the  enolic  modification  of  a-benzoylcamphor  (XL VII)  with 

*  Haller  and  Minguin,  Compt.  rend.  1901,  133,  80;  1903,  136,  69. 
f  Inter  al.  Haller  and  Bauer,  Ann.  chim.  1917  [ix],  8,  117;  Haller  and  Louvrier, 
ibid.  1918  [ix],  9,  190. 

t  Compt.  rend.  1891, 113,  24. 
§  Ibid.  1900, 130,  689. 
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sodium  amalgam.*  Benzylidenecamphor  can  be  characterised  by 
the  preparation  of  the  nitrosate,  m.p.  188°.  j  When  benzylidene- 
camphor is  heated  with  hydrogen  bromide  in  acetic  acid  solution 


CO  CO 


C  :  CH .  C6H5  C  :  C(  OH) .  C6H5 

(XLVI)  (XLVII) 

at  100°  ring  fission  occurs  with  the  formation  of  phenylhydroxy- 
homocampholic  acid,  m.p.  206°,  which  may  be  represented  by 
either  formula  (XLVIII)  or  (XLIX)4  The  latter  formula  would 
appear  to  be  the  more  probable,  since  on  digestion  with  formic 
acid  benzylidenecampholic  acid  (L),  m.p.  124-125°,  is  obtained. 

C02H  C02H  CO,H 

/  /  / 


CHOH.CH2.C6H5 
(XLVIII)  (XLIX)  (L) 

By  the  action  of  amyl  formate  on  sodiocamphor  Bishop, 
Claisen  and  Sinclair§  prepared  hydroxymethylenecamphor. 
Although  this  is  the  most  convenient  method  for  its  preparation,  || 
this  important  derivative  has  been  obtained  also  by  the  action 
of  sodium  methylate  on  the  a-mono-  and  di-halogenated  cam- 
phors, 11  and  by  the  action  of  ethyl  formate  on  a-bromocamphor 
in  the  presence  of  magnesium.**  Hydroxymethylenecamphor 
crystallises  its  leaflets,  m.p.  81°,  and  it  is  somewhat  unstable, 
undergoing  slow  decomposition  if  it  is  kept.  It  is  readily  volatile 
in  steam  and  is  soluble  in  alkalies.  In  alcoholic  solution  it  gives 

*  Forster,  J.C.S.  1903,  83,  103. 

For  another  general  method  for  the  preparation  of  alkylidenecamphors  from 
chloromethylenecamphor  see  p.  382. 
f  Haller,  Compt.  rend.  1895,  121,  30. 

t  Haller  and  Minguin,  ibid.  1900,  130,  1362;  Rupe  and  Blechschmidt,  Ber.  1918, 
51,  170. 

§  Annalen,  1894,  281,  330. 

||  Compare  Bredt  and  Sandkuhl,  ibid.  1909,  366,  62. 
If  Briihl,  Ber.  1904,  37,  2074. 
**  Malmgren,  ibid.  1903,  36,  2635. 
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with  ferric  chloride  a  red  violet  coloration,  which  passes  through 
blue  to  dark  green.  Considerable  attention  has  been  paid  to  the 
question  of  the  constitution  of  hydroxymethylenecamphor.  As 
was  pointed  out  by  Claisen,  three  formulae  (LI),  (LII)  and  (LIII) 


CO 


CO 


C.OH 


CoH, 


CfiH, 


CH.CHO 
(LI) 
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C :  CHOH 
(LII) 


C.CHO 
(LIII) 


are  theoretically  possible.  From  an  extended  refractometric 
investigation  Bruhl*  concluded  that  there  was  no  evidence  for 
the  existence  of  two  carbonyl  groups  in  the  molecule,  and  the 
substance  existed  only  in  the  stable  enolic  form  (LII).  A  similar 
conclusion  was  reached  by  Federlinf  from  a  series  of  colorimetric 
measurements  in  the  presence  of  ferric  chloride.  Pope  and  Read  % 
have  shown,  however,  that  solutions  of  hydroxymethylene- 
camphor show  pronounced  mutarotation ;  thus  in  benzene  an 
initial  value  of  [a]D  +  169-5°  falls  after  twenty  days  to  +  80-8°. 
They  suggest  that  this  is  associated  with  a  condition  of  dynamic 
isomerism  between  the  two  enolic  forms  (LII)  and  (LIII).  This 
view  receives  support  from  the  fact  that  whereas  anilo-d.- 
methylenecamphor  (LIV),  in  which  this  isomerism  is  possible, 
shows  mutarotation,  methylanilo-d-methylenecamphor  (LV)  does 
not. 

CO  C.OH  CO 
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CoH, 
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C.CH 
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C:CH.N(CH3).C6H5 
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There  would  appear  to  be  no  doubt  that  Pope  and  Read  are 
correct,  and  that  in  solution  hydroxymethylenecamphor  is  a 
mixture  of  the  two  enolic  isomerides  represented  by  (LII)  and 
(LIII),  although  only  derivatives  of  the  enolic  form  (LII)  and 
the  ketonic  form  (LI)  have  been  prepared.  This  investigation 

*  Z.  phys.  Chem.  1900,  34,  1.  f  Annalen,  1907,  356,  251. 

%  J.C.S.  1909,  95, 175;  compare  Singh  and  Bhadkuri,  J.  Ind.  Chem.  Soc.  1930,  7, 
771. 
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affords  a  further  example  of  the  great  value  of  the  method,  first 
introduced  by  Armstrong,  for  the  determination  of  dynamic 
isomerism  in  the  case  of  optically  active  substances. 

On  reduction  with  sodium  in  alcoholic  solution  hydroxy- 
methylenecamphor  yields  a  mixture  of  two  stereoisomeric 
glycols*  which  have  been  studied  by  Bredt.f  The  cis-glycol 
(LVI)  melts  at  101°  and  gives  on  oxidation  with  potassium 
permanganate  camphoric  acid,  whilst  the  trans -glycol  (LVII), 
m.p.  117-118°,  gives  tfrcms-borneolcarboxylic  acid  (p.  373) 
(LVIII). 
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On  oxidation  with  potassium  permanganate  hydroxymethylene- 
camphor  yields  camphoric  acid,  whilst  by  the  action  of  chromic 
acid  in  acetic  acid  solution  camphorquinone  is  obtained.  % 
Hydroxymethylenecamphor  reacts  readily  with  bromine,  the 
nature  of  the  product  varying  with  the  experimental  conditions 
which  are  employed.  In  carbon  disulphide  solution  or  in  faintly 
acid  water-alcohol  solution  a-bromo-a-formylcamphor  (LIX), 
m.p.  44°,  is  obtained. §  This  substance  is  extremely  unstable. 
By  the  addition  of  bromine  to  an  aqueous  solution  of  hydroxy- 
methylenecamphor a-bromocamphor  is  formed.  || 


CO 


CO 


CO 


C8H14 


CBr.CHO 
(LIX) 


/ 

/ 

CgH14 

\ 

S :  CHCl 

• 

3: 

(LX) 

(LXI) 

*  "Hochster  Farbw."  G.P.  123909. 

f  Annalen,  1906,  348,  199;  1909,  366,  1. 

%  Bishop,  Claisen  and  Sinclair,  ibid.  1894,  281,  330. 

§  Aschan  and  Briihl,  Ber.  1894,  27,  2402. 

||  Bishop,  Claisen  and  Sinclair,  ibid.  1894,  281,  330. 
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By  the  action  of  phosphorus  trichloride  or  oxychloride  cJiloro- 
methylenecamphor  (LX),  b.p.  11 3°/ 12- 5  mm.,  [a]D  +  180-28°  (in 
benzene),  is  obtained.  This  chloride  can,  however,  be  prepared 
more  conveniently  by  the  action  of  thionyl  chloride.*  It  reacts 
readily  with  magnesium  alkyl  halides  to  yield  alkylidene  cam- 
phors (LXI),  and  this  is  probably  the  simplest  method  for  the 
preparation  of  these  derivatives  of  camphor.  Reference  was 
made  on  p.  375  to  the  conversion  of  hydroxymethylenecamphor 
into  a-cyanocamphor,  and  although  the  oxime  of  a-formyl- 
camphor  is  an  unstable  oil,  the  semicarbazone  is  crystalline  and 
melts  at  2 1 7-2 1 8° .  f  With  hydrogen  cyanide  hydroxymethylene- 
camphor also  reacts  in  the  ketonic  form  to  yield  the  corre- 
sponding cyanohydrin.  Forster  and  Judd  J  have  shown  hydroxy- 
methylenecamphor to  react  with  magnesium  methyl  iodide  to 
yield  the  oxide  (LXIII),  b.p.  234°/765  mm.,  the  glycol  (LXII)  being 
evidently  the  primary  product  of  the  reaction. 


C(OH)CH3 


C(CH3).0 


CfiH, 


CHOH 
(LXII) 


CH 


(LXIII) 


In  discussing  the  constitution  of  hydroxymethylenecamphor, 
reference  was  made  to  the  condensation  products  which  it  forms 
with  aniline  and  methylaniline.  This  reaction  is  quite  general, 
the  condensation  products  having  the  formula  (LIVa).  Pope 
and  Read§  have  suggested  the  use  of  these  derivatives  for  the 
resolution  of  externally  compensated  bases,  since  both  d-  and 
Z-hydroxymethylenecamphors  are  available.  Although  the  sub- 
stituted methylenecamphors  are  stable  to  the  ordinary  hydro- 
lytic  reagents,  they  are  frequently  decomposed  quantitatively 
by  titration  with  an  alcoholic  solution  of  bromine  in  accordance 
with  the  scheme: || 


*  Rupe  and  Iselin,  Ber.  1916,  49,  25. 

f  Wallach  and  Steindorff,  Annalen,  1903,  329,  129. 

%  J.C.S.  1905,  87,  372. 

§  Ibid.  1913, 103,  444. 

||  Pope  and  Read,  ibid.  1912,  101,  2337. 
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CO 


CcH, 


CoH, 


C :  CHN#2 
(LIVa) 


C«H, 


CBr.CHBr.Ni?2 


CBr.CHO 
+ 


This  method  for  the  resolution  of  externally  compensated 
bases  is  not,  however,  capable  of  general  application,  since,  as 
in  so  many  other  cases,  the  formation  of  partial  racemates 
occurs,  and,  further,  the  subsequent  hydrolysis  does  not  proceed 
smoothly.*  Acetylcamphor,  which  can  theoretically  exist  in 
two  isomeric  modifications  (LXIV)  and  (LXV),  is  probably 
most  conveniently  prepared  by  the  action  of  ethyl  acetate  on 
a-bromocamphor  in  the  presence  of  magnesium,  f  It  has  been 
obtained  also  by  the  action  of  acetyl  chloride  and  acetic  an- 
hydride on  sodiocamphor,  and  by  the  condensation  of  acetalde- 
hyde  and  a-bromocamphor  in  the  presence  of  magnesium. J 
Reference  was  made  on  p.  377  to  its  preparation  from  cyano- 
camphor.  Acetylcamphor  is  an  oil,  b.p.  118-118-5°/ll-2  mm., 
dis-95°  X.Q314,  n™'95*  1-49387,  and  there  can  be  no  doubt  that  it 


C«H, 


CO 


CH.CO.CH, 


CO 


CSH, 


(LXIV) 


C:C(OH).CHa 
(LXV) 


consists  mainly  of  the  enolic  modification  (LXV).  Its  solutions 
are  acidic  and  it  dissolves  readily  in  alkalies,  whilst  with  ferric 
chloride  in  alcoholic  solution  it  gives  a  purple  red  coloration 
changing  through  violet  to  indigo  blue.  It  can  be  characterised 
by  the  preparation  of  the  oxime,  m.p.  164°.  Although  only  one 
form  of  acetylcamphor  is  known,  benzoylcamphor  has  been 
obtained  in  both  the  enolic  (LXVI)  and  ketonic  (LXVII)  forms. 
In  1901  Forster§  by  the  action  of  benzoyl  chloride  on  sodio- 

*  Compare  Gibson  and  Simonsen,  J.C.Sa  1915,  107,  1150;  Gibson,  Kentish  and 
Simonsen,  ibid.  1928,  p.  2133. 
f  Briihl,  Ber.  1904,  37,  751. 
t  Malmgren,  ibid.  1903,  36,  2627. 
§  J.C.S.  1901,  79,  991. 
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CO 


CO 


CO 


\  /CO.C6H5 

XCO.C6H5 
(LXVIII) 


C:C(OH).C6H5 


CH.CO.C6H5 


(LXVI) 


(LXVII) 


camphor  in  toluene  solution  prepared  a  dibenzoate,  C^H^Og, 
m.p.  144°,  [a]D  +  189-7°,  which  gave  on  hydrolysis  with  alkali 
a  monobenzoate,  C17H20O2,  m.p.  89°,  [a]D  +  281-1°  (in  chloro- 
form), this  initial  value  falling  to  a  final  value  of  +  216°.  Forster 
observed  further  that,  when  this  benzoate  was  digested  for  some 
hours  with  formic  acid,  an  isomeride  was  obtained,  m.p.  87-88°, 
[a]D  +  125°  (in  chloroform),  the  solution  in  this  case  also  showing 
marked  mutarotation,  the  value  rising  to  +  216°.  It  became 
obvious  from  these  experiments  that  the  two  benzoyl  derivatives 
were  interconvertible  and  the  change  was  found  to  be  accelerated 
by  piperidine  and  other  catalysts.  Forster  considered  originally 
the  dibenzoate  to  be  a  derivative  of  the  enolic  form  of  camphor 
and  he  formulated  the  reactions  occurring  in  accordance  with 
the  scheme: 

C.OH  C.O.CO.C6H5         C.OH  CO 


Subsequent  investigation*  showed  this  to  be  incorrect,  the 
dibenzoate  being  represented  by  (LXVIII),  the  two  isomeric 
monobenzoates  by  (LXVI)  and  (LXVII)  respectively.  The 
assignment  of  (LXVI)  to  the  enolic  form  is  supported  by  the  fact 
that  on  oxidation  with  chromic  acid  it  yields  camphorquinone, 
a  substance  extremely  unlikely  to  be  formed  by  the  oxidation  of 
a  derivative  of  the  enolic  form  of  camphor. 

The  enol,  which  in  alcoholic  solution  gives  with  ferric  chloride 
an  intense  purple  coloration,  is  readily  soluble  in  alkali.  It  is 
reduced  by  sodium  amalgam  to  benzylidenecamphor  (LXIX)  and 
benzylcamphor  (LXX). 


*  Forster,  J.C.8.  1903,  83,  98. 
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CO  CO  CO 

CgH14  H2  CgH14  H2  CgH14 

\ :  C(OH) .  C6H5  \ :  CH .  C6H5  ^CH .  CH2 .  C6H6 

(LXVI)  (LXIX)  (LXX) 

The  ketonic  form,  which  has  been  prepared  also  by  the  action 
of  either  benzaldehyde,  methyl  benzoate  or  benzoyl  chloride  on 
a-bromocamphor  in  the  presence  of  magnesium,*  is  insoluble 
in  alkali,  and  in  alcoholic  solution  only  slowly  develops  a  colour 
with  ferric  chloride  due  to  its  conversion  into  the  enolic  modifica- 
tion. 

In  view  of  the  theoretical  interest  of  these  two  isomerides  they 
have  been  exhaustively  studied  by  Dimroth,f  Vixseboxse,J 
Lowry  and  Burgess  §  and  by  Lowry,  MacKonkey  and  Burgess,  || 
These  elaborate  physico-chemical  investigations,  for  details  of 
which  the  original  memoirs  should  be  consulted,  have  confirmed 
the  structures  assigned  by  Forster  to  the  two  benzoylcamphors. 
There  can  be  no  doubt  that  in  all  its  reactions  benzoylcamphor 
reacts  in  one  or  the  other  of  these  two  isomeric  forms,  although 
there  are  five  possible  isomerides.  In  one  particular  only  does 
Forster's  work  require  alteration.  The  melting-point  of  the 
ketonic  modification  is  112°,  the  lower  value  previously  recorded 
being  due  to  the  fact  that  isomerisation  occurs  if  the  melting- 
point  is  taken  in  the  ordinary  manner. 

On  chlorination,  bromination  and  nitration  of  benzoylcamphor 
substitution  at  the  a -carbon  atom  occurs  and  the  resulting 
derivatives  have  been  obtained  in  both  the  stereoisomeric 
modifications  (LXXI)  and  (LXXI  a).U  When  the  enolic  modi- 
fication is  heated  with  ammonium  formate  at  200-220°  in  a 
sealed  tube  iminobenzoylcamphor  (LXXII),  m.p.  118-119°, 
[alo  +  235-2°,  is  obtained;**  this  substance  can  be  prepared  also 

*  Malmgren,  Ber.  1903,  36,  2629. 
f  Annalen,  1913,  399,  110. 
%  Rec.  trav.  chim.  1921,  40,  1. 
§  J.C.S.  1923, 123,  2122. 
||  Ibid.  1928,  p.  1333. 

IF  Forster  and  Mickelthwait,  ibid.  1902,  81,  167;  Forster  and  Jenkinson,  ibid. 
1903,  83,  542. 

**  Forster,  ibid.  1903,  83,  108. 
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by  the  action  of  magnesium  phenyl  bromide  on  a-cyanocam- 
phor.*  The  imine  on  hydrolysis  yields  enolic  benzoylcamphor. 

CO  CO  CO 


CgHj 


C«H1d 


\x).C6H5 
(LXXI) 


CH.C(:NH).C6H5 
(LXXI  a)  (LXXII) 

It  is  of  interest  to  note  that  Tschugaev  and  Pigulewskif  have 
shown  that  sodiocamphor  behaves  abnormally  when  it  is  treated 
with  carbon  disulphide.  It  does  not  yield  the  xanthate  (LXXIII), 
but  the  sulphur  analogue  of  camphorcarboxylic  acid,  dithio- 
camphorcarboxylic  acid  (LXXIV),  the  methyl  ester  of  which 
boils  at  179°/8  mm.,  [a]D  +  424-58°. 

CO 


CB 

(LXXIII)  (LXXIV) 
As  a  general  rule  camphor  reacts  normally  with  the  Grignard 
reagent,  thus  with  magnesium  methyl  iodide  methylborneol  is 
obtained.}  The  products  of  the  dehydration  of  this  alcohol  are 
discussed  on  p.  478.  With  propyl  magnesium  bromide  camphor 
is  reduced  to  borneol  and  ^oborneol,  §  although  with  allyl 
bromide  or  iodide  allylborneol  can  be  prepared.  || 

CA  MPHORQ  U  IN  ONE 

ch3 

H2C  C  CO 


CH  CO 


In  1893  Claisen  and  ManasseH  made  the  important  observa- 
tion that,  when  sodiocamphor  was  treated  in  ethereal  solution 

*  Forster  and  Judd,  J.C.8.  1905,  87,  372.  f  Compt.  rend.  1911,  153,  388. 

%  Zelinski,  Ber.  1901,  34,  2883;  Wallach  and  Wienhaus,  Annalen,  1907,  353,  224; 
Ruzicka,  Helv.  Chim.  Acta,  1918, 1,  110;  Bredt  and  Savelsberg,  J.  pr.  Chem.  1918  [ii], 
98,  97;  Bredt-Savelsberg  and  Buchkremer,  Ber.  1931,  64,  600. 

§  Leroide,  Ann.  chim.  1921  [ix],  16,  365. 

||  Chojn,  J.  Russ.  Phys.  Chem.  Soc.  1912,  44,  1844. 

If  Annalen,  1893,  274,  530;  compare  Rupe  and  Splittgerber,  Ber.  1907,  40,  4313. 
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with  asoamyl  nitrite,  a  nitroso  derivative,  isonitrosocamphor,  was 
obtained.*  This  substance  was  later  prepared  by  Oddof  by  the 
action  of  nitrous  acid  on  camphorcarboxylic  acid  and  by  the 
action  of  ^oamyl  nitrite  on  a-bromocamphor  in  the  presence  of 
sodium  ethylate.J  £<soNitrosocamphor  (I)  prepared  by  any  of 
these  methods  is  not  homogeneous  (see  below)  and  is  the  mon- 
oxime  of  camphorquinone  (II),  to  which  it  can  be  readily  hydro - 
lysed  by  warming  with  formaldehyde  and  hydrochloric  acid.§ 


H,C 


CH3 

H3C .  C .  CH, 

I 

 CH  — 

(I) 


-CO 


H2C- 


C:NOH 


CH3 

C  CO 

I 


HaO 


HoC .  C .  CH-, 


H  CO 


CH3 

-C  CHOH 

I 


H3C .  C .  CH, 
I 


(II) 


(III) 


The  diketone  crystallises  in  golden  yellow  needles,  m.p.  198°, 
[a]D—  105-4°  (in  chloroform);  it  is  very  volatile  in  steam.  Its 
constitution  has  been  established  by  its  oxidation  with  hydrogen 
peroxide  to  camphoric  acid,  ||  fission  of  the  ring  occurring  also 
when  the  diketone  is  digested  with  an  alcoholic  solution  of 
potassium  hydroxide. H  On  reduction  with  aluminium  amalgam, 
or  with  zinc  dust  and  acetic  acid,  a  mixture  of  hydroxycamphor 
and  hydroxyepicamphor  is  obtained  (p.  355).  This  mixture  of 
alcohols  on  further  reduction  with  sodium  in  alcohol  solution 
yields  camphorglycol  (III),  m.p.  230-231°,  [a]D  +  12-3°.  By  the 

*  A  base,  C10H16ON2,  m.p.  278°,  is  always  formed  during  the  preparation  of 
isonitrosocamphor.  This  has  been  shown  by  Egli  (Helv.  Chim.  Acta,  1929,  12,  270) 
to  be  represented  by  formula  (A),  since  it  yields  on  treatment  with  sodium  nitrite 
camphorimide  (B). 

CO  CO 


NH 


NH 


t  Gazzetta,  1893,  23,  187. 

%  Clarke,  Lap  worth  and  Wechsler,  J.C.S.  1908,  93,  40. 
§  Lapworth,  ibid.  1907,  91,  1134. 

||  Forster  and  Holmes,  J.C.S.  1908,  93,  252;  compare  Hollemann,  Rec.  trav.  chim. 
1904,  23,  171. 

If  Claisen  and  Manasse,  Annalen,  1893,  274,  530;  Aschan,  Ber.  1894,  27,  1449. 
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action  of  bromine  on  camphorquinone  Manasse  and  Samuel* 
prepared  two  bromides,  C10H12O3Br2,  m.p.  137-138°,  and 
CioHiABr3,  m.p.  197-198°,  [a]D  -  34°.  By  hydrogenation  of 
the  latter  in  the  presence  of  platinum  black  the  dibromide  is 
formed,  which,  on  reduction  with  zinc  dust  in  acetic  acid  solu- 
tion, yields  a  monobromide,  C10H13O3Br,  m.p.  144°,  [a\D  +  75-25°. 
This  monobromide  gives  on  digestion  with  sodium  methylate  a 
methyl  derivative,  CnH1604,  m.p.  80-81°. j  The  constitutions  of 
these  substances  have  not  been  determined. 

When  camphorquinone  is  dissolved  in  concentrated  sulphuric 
acid  it  is  converted  into  a  ketonic  acid,  C10H16O3 ,  %  which  has  been 
shown  by  Bhagvat  and  Simonsen  §  to  be  d-2 :  2  :  3-trimethyl- 
cyclohexan-4:-one-l-carboxylic  acid  (IV).  The  formation  of  this 
acid  involves  a  Wagner  rearrangement.  When  the  diketone  is 
treated  with  fuming  sulphuric  acid  the  monocyclic  diketone, 
isocamphorquinone  (V),  is  obtained,  1 1  the  constitution  having 


CO- 


CH.CH, 

i  - 

-CH.CCvH 


CH 


CO 

I 


(IV) 


CH3 

H2C  C  C(OH).CH3 

H3C .  C .  CH3 

:2c- — ch — c< 

(VI) 


H3C  CH3 
(V) 

been  determined  by  Bredt,  Rochussen  and  Mohnheim.^I  Cam- 
phorquinone reacts  with  hydrogen  cyanide  to  yield  a-liydroxy- 
a-cyanocamphor,m.ip.  197-198°,**  whilst  with  magnesium  methyl 
iodide  the  glycol  (V),  m.p.  132°,  [a]D+  0-95°,  is  obtained.tt  The 
condensation  of  camphorquinone  with  ethyl  sodiocyanoacetate, 
nitromethane  and  phenylacetonitrile  has  been  investigated  by 

*  Ber.  1897,  30,  3160.  f  Bhagvat  and  Simonsen,  unpublished. 

J  Manasse  and  Samuel,  Ber.  1897,  30,  3157;  1902,  35,  3831. 

§  J.C.S.  1927,  p.  77;  compare  Gibson  and  Simonsen,  ibid.  1925,  127,  1295; 
Bredt-Savelsberg,  Zaunbrecher  and  Knieke,  Ber.  1927,  60,  1801. 

||  Manasse  and  Samuel,  Ber.  1898,  31,  3259;  1902,  35,  3836. 

11  Annalen,  1901,  314,  389. 
**  Lapworth  and  Chapman,  J.C.S.  1901,  79,  381;  Lapworth,  ibid.  1903,  83,  996; 
1904,  85,  1210. 

it  Forster,  ibid.  1905,  87,  241. 
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Forster  and  Withers.*  By  the  action  of  ethyl  orthoformate  on 


camphorquinone  the  acetal,  b.p.  126-128°/12  mm., 

n^'5°  1-46498,  [a]D  +  61'04°  (in  alcohol),  is  obtained.  It  yields  on 

reduction,  followed  by  hydrolysis  with  mineral  acid,  hydroxy - 

epicamphor.f 

Bredtf  has  shown  that  on  fusion  with  potassium  hydroxide 
camphorquinone  yields  the  semi-aldehyde  of  camphoric  acid 
(VII),  m.p.  76-78°,  [a]D  +  103-01°,  oxime,  m.p.  153-155°,  semi- 
carbazone,  m.p.  195-196°.  The  constitution  of  the  aldehyde  was 
proved  by  its  electrolytical  reduction  to  the  alcohol  (VIII),  which 
passes  readily  into  p-campholide  (IX). 
CHO 


CqH, 


C02H  C02H  CO 

(VII)  (VIII)  (IX) 

Results  of  very  great  interest  have  been  obtained  from  a 
study  of  the  oximes,  semicarbazones,  hydrazones  and  phenylhy- 
drazones  of  camphorquinone  and  for  our  knowledge  of  these  we 
are  indebted  mainly  to  the  elaborate  investigations  of  Forster 
and  his  collaborators.  If  the  formula  of  camphorquinone  be 
inspected,  it  is  obvious  that  it  can  give  rise  to  four  monoximes, 
two  syn-  and  two  anti-,  represented  by  formulae  (X),  (XI),  (XII) 
and  (XIII).  The  two  former  are  ^onitrosocamphors  and  the  two 
latter  ^onitrosoepicamphors. 


CO 


C:Ns 


C:N/ 
{syn)  (X) 
CO 


CaH, 


OH 


^011 


CO 

(syn)    (XII)  0H 
C:N/ 


CoH, 


C :  Nv  CO 
(anti)   (XI)     0H  (anti)  (XIII) 

*  J.C.S.  1912,  101,  1327. 

f  Bredt-Savelsberg  and  Bund,  J.  pr.  Chem.  1931,  131,  29. 
t  J.  pr.  Chem.  1917  [ii],  95,  63. 
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It  was  mentioned  above  that,  when  isonitrosocamphor  is 
prepared  by  the  Claisen  method,  the  product  is  not  homo- 
geneous. By  fractional  crystallisation,  or  more  conveniently  by 
treatment  of  the  crude  isonitroso  derivative  with  ferric  chloride 
in  ethereal  solution,  Forster*  obtained  the  stable  modification 
of  ^onitrosocamphor,  m.p.  152°,  [a]D  +197°  (in  chloroform), 
pure  and  free  from  the  lower  melting  unstable  isomeride.  The 
latter,  m.p.  114°,  [d]D  +  172-9°  (in  chloroform),  first  obtained 
by  a  method  which  will  be  referred  to  later,  can  be  separated 
from  the  crude  Claisen  mixture,  of  which  it  forms  approximately 
one -half,  by  fractional  decomposition  of  the  sodium  salt.f  It  is 
very  unstable  and  passes  on  heating  to  130-140°  or  on  exposure 
to  light  into  the  stable  form. 

The  configuration  of  these  two  oximes  of  camphorquinone  was 
determined  by  Forster  J  in  the  following  manner.  By  the  action 
of  magnesium  methyl  iodide  on  the  oxime,  an  alcohol  should 
result  which,  depending  upon  whether  it  was  derived  from  the 
syn-  or  anti-  form,  would  be  represented  by  formulae  (XIV), 
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(XV),  (XVI)  or  (XVII).  When  the  mixture  of  ^onitrosocam- 
phors  resulting  from  the  Claisen  reaction  was  treated  with  the 
Grignard  reagent  three  alcohols  were  obtained:  «-,  m.p.  178°; 
j8-,  m.p.  183°;  and  y-,  m.p.  187°.  The  last  alcohol  is  the  sole 

*  J.C.8.  1903,  83,  538. 

f  Forster  and  Rao,  ibid.  1926,  p.  2670.  A  supposed  third  modification  of  iso- 
nitrosocamphor  has  been  shown  to  be  a  mixture  of  these  two. 
t  J. CM.  1905,87,  232. 
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product  of  the  action  of  the  Grignard  reagent  on  the  stable 
isonitrosocamphor,  m.p.  152°.  Now  when  an  alkaline  solution 
of  the  jS-  or  y-alcohols  was  warmed  it  immediately  became  turbid 
owing  to  the  formation  of  an  anhydride  (XVIII).  The  a-alcohol 
was,  however,  quite  unaffected  by  this  treatment.  It  follows, 
therefore,  that  the  j8-  and  y-alcohols  must  be  represented  by 
formulae  (XIV)  and  (XV)  and  the  a-alcohol  by  either  (XVI)  or 
(XVII).  Since  the  y-alcohol  can  be  prepared  from  the  stable 
^sonitrosocamphor,  m.p.  152°,  it  follows  also  that  this  must  be 
syn-camphorquinoneoxime  (X),  whilst  the  unstable  modification, 
m.p.  114°,  must  be  the  dniti-camphorquinoneoxime  (XI).* 

These  configurations  were  confirmed  by  an  investigation  of 
the  action  of  benzenesulphonylchloride  in  pyridine  solution  on 
the  two  oximes.  This  reagent  converts  the  syn-oxime  into  the 
di-anhydride  (XX),  m.p.  154°,  the  anhydride  alcohol  (XIX) 
being  evidently  an  intermediate  product.  From  the  anti-oxims 
a  yellow  anhydride  (XXI),  m.p.  195°,  was  obtained. 
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Before  proceeding  to  consider  the  two  ^onitrosoepicamphors 
reference  may  be  made  here  to  some  of  the  more  important 
properties  of  these  two  oximes. 

When  the  syn-oxime  is  treated  with  diazomethane,  or  its 
sodium  derivative  is  treated  with  sodium  methylate  in  alcoholic 
solution,  a  yellow  methyl  ether,  b.p.  188-192°/90mm.,  is  obtained, 
which  is  probably  the  N-methyl  ether  (XXII),  since  on  reduction 

*  The  configurations  assigned  by  Forster  to  these  oximes  have  been  criticised 
recently  by  Taylor  (J.C.S.  1931,  p.  2021)  and  by  Meisenheimer  and  Theilacker 
(Annalen,  1932,  493,  33).  They  conclude  that  the  stable  oxime,  m.p.  152°,  is  the 
aw^-form. 
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it  yields  methylaminocamphor  (XXIII).  The  anti-oxime  gives  the 
same  ether  when  acted  upon  by  diazome thane.* 

CO  CO  CO 


C«H, 


CoH, 


C«Hn 


C  :  NOH  C  :  N(CH3) :  0  CH .  NH .  CH3 

(XXII)  (XXIII) 

A  second  colourless  methyl  ether,  m.p.  107°,  possibly  repre- 
sented by  (XXIV),  was  prepared  from  both  the  syn-  and  anti- 
oximes  by  the  action  of  methyl  iodide  in  the  presence  of  silver 
oxide. f  It  is  formed,  together  with  the  yellow  ether,  by  the 
action  of  methyl  iodide  and  sodium  methylate  on  both  oximes. 
It  differs  from  this  in  yielding  on  reduction  with  zinc  dust 
a-aminocamphor  (XXV). 

C(OCH3).0 
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CO 


CH.NH, 


(XXIV) 


(XXV 


Two  benzoyl  derivatives  of  ^onitrosocamphor  have  been 
prepared.  The  colourless  benzoyl  derivative,  C17H1903N,  m.p. 
136°,  is  obtained  when  the  «s?/w-modincation  is  treated  with 
benzoyl  chloride  either  in  pyridine  or  sodium  hydroxide  solu- 
tion. {  It  is  reduced  by  zinc  dust  to  aminocamphor,  whilst  by  the 
action  of  magnesium  methyl  iodide  dimethylaminocamphor  is 
obtained.  It  is  hydrolysed  by  alkali  to  a-camphornitrilic  acid 
(XXVII)  and  Forster  §  has  suggested  that  it  is  represented  by 
(XXVI),  corresponding  therefore  to  the  colourless  methyl  ether 
(XXIV). 

The  yellow  isomeric  benzoyl  derivative,  m.p.  105-106°,  which 
always  accompanies  the  colourless  isomer,  can  be  obtained  pure 
most  readily  by  treatment  of  the  anti-oxime  with  benzoyl 

*  Forster  and  Holmes,  J.C.8.  1908,  93,  244. 

f  Forster,  ibid.  1904,  85,  894;  compare  Ponzio  and  Charrier,  Gazzetta,  1907, 
37,  r,  510. 

X  Forster,  J.C.S.  1903,  83,  527;  1904,  85,  905;  1905,  87,  234. 
§  Ibid.  1905,  87,  234. 
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chloride  in  cold  pyridine  solution.  Its  constitution  has  not  been 
established,  but  it  is  evidently  a  true  derivative  of  the  anti- 
oxime,  since  it  yields  this  on  hydrolysis  with  alcoholic  ammonia. 
An  analogous  yellow  m-nitrobenzoyl  derivative,  m.p.  136-137°, 
has  been  prepared,  which  is  of  interest,  since  by  its  hydrolysis 
Forster*  was  first  able  to  isolate  the  pure  a^-oxime. 

C(02C.C6H5)— 0 
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CN 
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The  two  isonitrosoepicamphors  (XII)  and  (XIII)  were  pre- 
pared simultaneously  by  Bredt  and  Perkin  (see  p.  430)  from 
epicamphor  and  by  Forster  and  Spinner,  f  The  latter  found 
that,  when phenyliminocamphor  (XXVIII)  was  treated  with  hy- 
droxylamine  in  alkaline  solution,  two  phenyliminocamphoroximes 
were  obtained,  the  a-modification  (XXIX)  melting  at  174°, 
[a]D  +  304-4°,  and  the  p-  (XXX)  at  112°,  [a]D  +  335-4°.  When 
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the  latter  was  ground  up  with  cold  dilute  hydrochloric  acid 
and  the  solution  immediately  filtered,  it  deposited  jS-isonitroso- 
epicamphor,  m.p.  137°,  [a]D—  179-4°  (in  chloroform)  rising  to 
—  191-4°.  This  substance,  which  was  readily  volatile  in  steam, 
gave  a  yellow  benzoyl  derivative,  m.p.  80°  and  a  yellow  O-methyl 
ether,  m.p.  77°.  Like  the  low  melting  ^onitrosocamphor,  it  was 
found  to  be  unstable,  and  if  its  aqueous  solution  was  boiled,  it 
passed  into  the  stable  a-modification,  m.p.  170°,  [a]D  —  200-1° 
(in  chloroform)  falling  to  —  191-0°. {  From  this  a  colourless 

*  J.G.S.  1904,  85,  904. 
f  Ibid.  1912, 101,  1340. 

J  The  mutarotation  of  the  two  isonitrosoepicamphors  is  due  to  the  formation  of 
an  equilibrium  mixture  in  solution. 
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benzoyl  derivative  was  prepared,  m.p.  122-5°,  and  both  a  colour- 
less 0 -methyl  ether  and  a  yellow  N -methyl  ether.  It  will  be  ob- 
served that  the  a-isomeride  behaves  in  an  exactly  similar  manner 
to  the  stable  modification  of  ^onitrosocamphor.  In  accordance 
with  this,  as  might  be  anticipated,  cs-^onitrosoepicamphor  has 
the  ^^-configuration  (XII)  and  the  /3-modification  the  anti- 
(XIII)  (p.  389).  Their  configurations  were  proved  by  methods 
identical  with  those  employed  in  the  case  of  the  two  ^sonitroso- 
camphors.* 

Corresponding  to  these  four  monoximes  there  are  four 
dioximes  of  camphorquinone.  These  have  all  been  prepared  and 
their  reactions  studied  very  thoroughly  by  Forster  and  his 
collaborators.  As  the  outcome  of  these  elegant  investigations, 
which  it  is  unnecessary  to  discuss  in  detail,  their  configurations 
and  their  relationship  to  the  monoximes  have  been  determined. 
These  are  shown  in  the  scheme  on  p.  395.f 

Proceeding  on  similar  lines,  Forster  and  his  collaborators  have 
studied  also  the  hydrazones,  semicarbazones,  hydrazo-oximes 
and  oxime-semicarbazones  of  camphorquinone.  Whilst  the  pre- 
paration of  all  the  possible  isomerides  has  not  in  all  cases  been 
realised,  results  of  considerable  interest  have  been  obtained.  J 

The  facility  with  which  camphorquinone  condenses  with 
aromatic  amines  to  yield  aryl  derivatives  of  iminocamphor, 
having  the  general  formula  (XXXI),  led  Forster  and  Thornley§ 
to  prepare  a  number  of  these  in  the  hope  that  their  oximes 
(XXXII)  might  on  hydrolysis  yield  the  then  unknown  iso- 
nitrosoepicamphors.  As  will  be  obvious  from  the  investigations 
discussed  above,  success  was  ultimately  attained.  Prior  to  this 
Forster  and  Thornley  observed  that  the  bis -iminocamphor 


*  Forster,  J.C.S.  1913,  103,  3664. 

f  Forster,  ibid.  665.  In  the  light  of  the  recent  investigations  of  Taylor,  Meisen- 
heimer  and  Theilacker  (compare  footnote  p.  391)  these  configurations  will  obviously 
require  revision. 

t  Inter  al.  Forster  and  Zimmerli,  J.C.S.  1910,  97,  2156;  Forster  and  Kunz,  ibid. 
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1914, 105,  1718. 


§  Ibid.  1909,  95,  942. 
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derivatives  possessed  a  remarkably  high  rotatory  power.  Thus 
in  pyridine  ip-phenylenebisiminocamphor  (XXXIII)  has  a  specific 
rotatory  power  of  [a]D  -f  1509°,  giving  a  molecular  rotatory 
power  of  6096°.  This  high  rotatory  power  is  evidently  connected 
with  the  conjugation  of  ethylenic  linkages  working  through  the 
benzene  ring.*  The  preparation  of  this  type  of  derivative  has 


*  Compare  Forster  and  Spinner,  J.C.S.  1919,  115,  891. 
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(XXXIII) 

been  continued  by  Singh  and  his  collaborators,*  who  have 
obtained  substances  having  even  higher  rotatory  powers. 

CAMPHORIC  ACID 

CH3 

H2C  C.C02H 

H3C.C.CH3 
H2C  CH.C02H 

In  the  course  of  the  discussion  of  the  evidence  bearing  on  the 
constitution  of  camphor  (pp.  308-315)  it  was  shown  that  this 
was  based  primarily  on  that  of  camphoric  acid,  which  can  be 
obtained  readily  by  the  oxidation  of  camphor  itself  and  many 
of  its  derivatives.  Whilst  the  formula  for  camphoric  acid 
advanced  in  1893  by  Bredt  accounted  in  a  very  simple  manner 
for  the  majority  of  the  reactions  of  the  acid,  yet  a  number  of 
these  were  difficult  to  interpret.  An  attempt  will  now  be  made 
to  survey  the  field  without  discussing  in  detail  all  the  numerous 
investigations  which  have  been  carried  out. 

In  1893  there  were  recorded  in  the  literature  no  fewer  than 
thirteen  camphoric  acids ;  the  Bredt  formula  permitted,  however, 
the  existence  of  only  six.  These  are  d-  and  Z-a*5-camphoric  acids 
represented  by  formulae  (I)  and  (I  a)  and  the  externally  com- 
pensated modification;  the  d-  and  Z-£ra?i<$-caniphoric  acids, 
generally  designated  ^ocamphoric  acids  (II)  and  (II  a)  and  the 
externally  compensated  form. 

The  investigations  of  Aschanf  showed  that  actually  only 
six  camphoric  acids  existed,  and  that  the  others  which  had 


*  Inter  al.  J.C.S.  1920,  117,  1599;  1921,  119,  1972. 

|  Ber.  1894,  27,  2001;  Acta  Soc.  Sci.  Fennicae,  1895  [v],  21,  47;  Annalen,  1901, 
316,  209. 
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been  described  were  mixtures.  The  melting 
optical  rotatory  powers  of  the  acids  are  given 
table : 


-points  and  the 
in  the  following 


cZ-Camphoric  acid 
Z-Camphoric  acid 
cZZ-Camphoric  acid 
tZ-isoCamphoric  acid 
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-  47-lc 
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ri-Camphoric  acid,  which  has  been  used  for  most  of  the 
experiments  to  be  discussed  in  the  sequel,  and  which  will  be 
referred  to  simply  as  camphoric  acid,  is  prepared  as  a  rule  by  the 
oxidation  of  d-camphor  with  nitric  acid.  Its  formation  by  the 
degradation  of  other  derivatives  of  camphor  has  been  referred 
to  frequently  in  the  preceding  pages.  Its  optical  enantiomorph, 
Z-camphoric  acid,  was  first  obtained  by  Chataud*  by  the  oxida- 
tion of  Z-camphor  and  later  by  Jungfleischf  and  by  Aschanf  by 
the  oxidation  of  Z-borneol.  dZ-Camphoric  acid  was  first  prepared 
by  Chataud  by  the  admixture  of  equal  quantities  of  d-  and 
Z-camphoric  acids,  it  being  obtained  later  by  Armstrong  and 
Tilden  §  by  the  oxidation  of  dZ-camphor  with  nitric  acid.  In  1899 
Debierne||  showed  that  it  could  be  resolved  into  d-  and  Z- 
camphoric  acids  by  the  crystallisation  of  its  cinchonidine  salt. 

*  Annalen,  1857,  101,  97;  1863, 127,  121;  Compt.  rend.  1863,  56,  698. 

f  Compt.  rend.  1890, 110,  791. 

X  Acta  Soc.  Sci.  Fennicae,  1895  [v],  21,  49. 

§  Ber.  1879, 12,  1756. 

||  Compt.  rend.  1899,  128,  1112;  compare  Komppa,  Ber.  1905,  41,  4470. 
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As  early  as  1872  Wreden*  had  observed  that  camphoric  acid 
was  isomerised  when  it  was  heated  with  either  hydriodic  acid 
or  hydrochloric  acid  in  a  sealed  tube  at  150-160°;  to  the  acid 
prepared  in  this  manner,  he  gave  the  name  mesocamphoric  acid. 
The  same  change  was  found  by  Jungfleischj  to  occur  with  water 
at  200-220°,  but  the  pure  laevorotatory  ^ocamphoric  acid  was 
first  prepared  by  Friedel,t  who  showed  that  Wreden  and 
Jungfleisch's  mesocamphoric  acid  was  a  mixture  of  d-camphoric 
acid  and  d-isocamphoric  acid.  Later  Mahla  and  Tiemann§ 
found  that  isomerisation  occurred  also  when  camphoric  acid 
was  fused  with  potassium  hydroxide.  The  separation  of  cam- 
phoric and  ^ocamphoric  acids  by  fractional  crystallisation  is 
most  laborious,  but  this  can  be  carried  out  quite  readily  by 
Aschan's  method.  In  this,  advantage  is  taken  of  the  facility 
with  which  camphoric  acid  is  converted  into  its  anhydride  by 
the  action  of  acetyl  chloride,  when  ^socamphoric  acid  is  un- 
affected and  may  be  separated  from  the  anhydride  by  solution 
in  cold  dilute  alkali.  For  the  preparation  of  ^ocamphoric  acid 
the  most  convenient  method  is  that  devised  by  Walker  and 
Wood.  ||  Camphoric  acid  is  treated  with  phosphorus  penta- 
chloride  and  the  mixture  of  acid  chlorides  poured  into  water  at 
80°,  when  the  filtered  solution  deposits  crude  ^ocamphoric  acid, 
which  can  be  purified  by  Aschan's  method.  i'soCamphoric  acid 
does  not  yield  an  anhydride,  but  on  heating  gives  camphoric 
anhydride.  An  equilibrated  mixture  of  camphoric  and  iso- 
camphoric  acids  is  obtained  when  either  acid  is  heated  in  a 
sealed  tube  in  acetic -hydrochloric  acid  solution  at  180°. 

Camphoric  acid  can  be  most  readily  identified  by  the  pre- 
paration of  the  anhydride  (III),  m.p.  220-221°,  which,  as  men- 
tioned above,  is  formed  when  the  acid  is  heated  with  acetyl 
chloride.  This  anhydride  has  played  an  important  part  in  the 
development  of  the  chemistry  of  camphor.  When  reduced  with 
sodium  amalgam,lf  or  more  conveniently  catalytically,** it  yields 

*  Annalen,  1872,  163,  328. 

f  Ber.  1873,  6,  680. 

t  Bull.  Soc.  chim.  1874  [ii],  22,  403. 

§  Ber.  1895,  28,  203. 

||  J.C.8.  1900,  77,  386. 

If  Haller,  Bull.  Soc.  chim.  1896  [iii],  7,  984;  Compt.  rend.  1900,  130,  376. 
**  Rupe  and  Jaggi,  Helv.  Chim.  Acta,  1920,  3,  654. 
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a-campholide  (IV),  m.p.  210-212°,  a  substance  prepared  also  by 
Baeyer  and  Villiger*  by  the  oxidation  of  camphor  with  Caro's 
reagent.  Camphoric  acid  can  give  rise  to  two  campholides, 
represented  by  formulae  (IV)  and  (V) ;  there  can,  however,  be 
no  doubt  that  a-campholide  must  be  that  represented  by  (IV), 
since  it  can  be  converted  into  the  nitrile  of  homocamphoric  acid 
either  by  the  action  of  potassium  cyanide  (Haller)  or  by  the 
action  of  hydrogen  bromide,  when  the  resulting  6romo-acid  (VI) 
gives,  with  potassium  cyanide,  the  same  nitrile  (Vll).f  The 
acid,  homocamphoric  acid  (VIII),  obtained  from  this  nitrile  on 
hydrolysis,  is  identical  with  that  prepared  from  a-cyanocampJwr 
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Attention  has  been  directed  on  p.  311  to  the  synthesis  of 
camphor  by  the  distillation  of  the  calcium  salt  of  homocamphoric 
acid  and  to  its  conversion  into  camphononic  acid  (X).  It  will  be 
convenient  to  summarise  here  the  various  methods  by  which 
this  interesting  acid  has  been  prepared. 

Camphononic  acid,  m.p.  228°,  [a]D  +  21-97°,  was  originally 


*  Ber.  1899,  32,  3619. 

f  Komppa,  ibid.  1908,  41,  4470. 

j  Lapworth,  J.C.S.  1900,  77,  1062. 
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isolated  by  Walker  and  Henderson*  in  very  small  amount  from 
amongst  the  products  formed  by  the  electrolysis  of  j3-methyl 
hydrogen  camphorate  (XI),  and  it  was  next  prepared  by  Lap- 
worth  and  Chapman  (compare  p.  313)  from  aa'-dibromocamphor 

(XII)  ,  whose  degradation  product,  homocamphoronic  acid 

(XIII)  ,  gave  the  ketonic  acid  when  its  lead  salt  was  distilled. 
A  more  convenient  method  for  the  preparation  of  camphononic 
acid  is  by  the  oxidation  of  dehydrohomocamphoric  acid  (XIV) 
(p.  312).  Lapworth  and  Lentonf  have  further  described  its 
formation  from  camphanamide  (XV)  by  two  distinct  methods. 
In  the  first  of  these  the  amide  was  converted  by  the  action  of 
phosphorus  pentachloride  into  the  nitrile  (XVI),  which  was 
readily  hydrolysed  by  alkalies  to  the  ketonic  acid,  whilst  in  the 
second  the  amide  was  treated  with  sodium  hypobromite  in  the 
presence  of  excess  of  sodium  hydroxide,  when  the  ketonic  acid 
was  formed  from  the  primary  product,  the  unstable  hydroxy  - 
amino-acid  (XVII).  These  reactions  are  outlined  in  the  scheme: 
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*  J.C.S.  1896,  69,  755. 
t  Ibid.  1901,  79,  1286. 


CH.  V 


AND  THEIR  DERIVATIVES 


401 


Camphononic  acid  cannot  be  reduced  by  sodium  amalgam, 
resembling  in  this  respect  camphorcarboxylic  acid,  but  Bredt* 
found  that,  on  electrolytic  reduction,  a  mixture  of  the  cis-  and 
^raws-modifications  of  camphonolonic  acid  (XVIII)  and  (XVIII  a), 
m.p.  197-198°  and  249-250°,  respectively,  is  obtained.  The 
former  acid  passes  readily  into  camphonolactone  (XIX),  m.p. 
160-161°,  which  was  prepared  originally  by  Noyes  and  Taveauf 
by  the  action  of  alkali  on  the  nitroso  derivative  of  the  anhydride 
of  3-aminocamphonanic  acid  (XX). 
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(XX) 

The  isomeric  fi-campholide  (V)  was  prepared  by  Haller  and 
Blanc  J  by  the  reduction  of  p-methyl  hydrogen  camphorate  (XXI) 
with  sodium  in  alcoholic  solution.  It  has  been  obtained  also  by 
Bredt§  by  the  reduction  of  the  acetate  of  hydroxy- fi-campholide 
(XXII)  prepared  from  the  semi-aldehyde  of  camphoric  acid  (see 
p.  389).  jS-Campholide  melts  at  218-220°,  [a]D  +  39-2°;  it  is 
extremely  stable  and  it  is  not  possible  to  convert  it  into  a  cyano- 
acid  by  the  action  of  potassium  cyanide. 
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H3C.C.CH3  H2 
 CH  COjT^  H2C 
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*  J.pr.  Chem.  1911  [ii],  84,  786;  compare  Noyes,  Gorsline  and  Potter,  J.  Amer. 
Chem.  Soc.  1912,  34,  62. 

t  Amer.  Chem.  J.  1906,  35,  385.  J  Compt.  rend.  1905, 141,  697. 

§  J.  pr.  Chem.  1917  [ii],  95,  63. 
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Since  camphoric  acid  is  not  symmetrical,  it  can  give  rise  to 
two  isomeric  hydrogen  esters.  These  are  designated  a-  or  ortho- 
esters  and  j8-  or  aZZo-esters  represented  respectively  by  (XXIII) 
and  (XXIV),  where  R  signifies  an  alkyl  or  aryl  group. 

CH3  CH3 
H2C  C  C02H  H2C  C  C02fl 


H3C .  C .  CH3 


H3C.C.CH3 

2C  CH  C02#  H2C  CH  C 

(XXIII)  (XXIV) 
(a-  or  ortho-)  (0-  or  alio- 


a-  or  ortho- Methyl  hydrogen  camphor  ate  (XXIII),  m.p.  77°, 
[a]D  +  51-59°,  forms  the  main  product  when  camphoric  acid  is 
esterified  with  alcohol  containing  either  hydrogen  chloride  or 
sulphuric  acid,*  but,  as  Walker  has  shown,  it  can  be  prepared 
most  conveniently  by  the  addition  of  one  molecular  equivalent 
of  sodium  ethylate  to  the  equivalent  quantity  of  camphoric 
anhydride  in  methyl  alcoholic  solution.  /3-  or  aRo-Methyl 
hydrogen  camphorate  (XXIV),  m.p.  86-87°,  can  be  prepared  by 
the  partial  hydrolysis  of  the  dimethyl  ester. f 

The  constitution  of  these  two  esters  would  appear  to  be 
definitely  established,  the  following  being  the  main  evidence  in 
support  of  the  formulae  assigned  to  them:  (i)  in  the  case  of 
similar  unsymmetrical  acids  treatment  of  the  anhydride  with 
sodium  alkylates  causes  esterification  of  the  carbonyl  group 
attached  to  the  least  substituted  («-)  carbon  atom; J  (ii)  partial 
hydrolysis  of  the  neutral  esters  always  results  in  the  preferential 
hydrolysis  of  the  a-carboxyl  group  ;§  further,  with  16  per  cent, 
alkali  the  /?-ester  requires  six  hours  for  complete  hydrolysis, 
whereas  the  a-ester  is  hydrolysed  in  thirty  minutes  ;||  (iii)  partial 
esterification  results  in  the  formation  of  the  a-ester  together 
with  a  little  of  the  dimethyl  ester;  (iv)  as  measured  by  the 
electrolytic  dissociation  constants  the  ^-hydrogen  ester  is  the 

*  Briihl  and  Braunschweig,  Ber.  1892,  25,  1807;  Walker,  J.C.S.  1892,  61,  1088. 
f  Walker,  J.C.S.  1893,  63,  415;  Walker  and  Henderson,  ibid.  1895,  67,  337; 
Haller  and  Blanc,  Compt.  rend.  1905,  141,  697. 
%  Blaise,  Bull.  Soc.  chim.  1899  [iii],  21,  716. 
§  Bone,  Sudborough  and  Sprankling,  J.C.S.  1904,  85,  548. 
II  Briihl  and  Braunschweig,  Ber.  1892,  25,  1806. 
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stronger  acid;*  (v)  the  /3-ester  (XXIV)  yields  on  reduction  with 
sodium  in  alcoholic  solution  a-campholide  (XXVI),  the  alcohol 
(XXV)  being  an  intermediate  product  of  the  reaction;  (vi)  on 

CH~  CHo  CH-. 


H.0 


 C  C02CH3 

H3C .  (!) .  CH3 
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CH9 


■Ah- 


HoC 


CO 


(XXIV)  (XXV)  (XXVI) 

electrolysis  of  its  sodium  salt  the  a-ester  (XXIII)  yields  a 
mixture  of  a-campholytic  acid  (XXVII)  and  isolauronolic  acid 
(XXVIII);  (vii)  the  sodium  salt  of  the  fester  (XXIV)  on  the 
other  hand  yields  on  electrolysis  laurolenic  acid  (XXIX)  and 
camphononic  acid  (X).f 
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In  spite  of  this  apparently  overwhelming  body  of  evidence  in 
favour  of  the  structural  isomerism  of  the  a-  and  /3-esters,  it  has 
been  suggested  recently  by  Qudrat-i-KhudaJ  that  they  are 
actually  stereoisomerides.  This  suggestion  is  based  on  the  fact 
that,  when  either  the  a-  or  /3-ester  is  treated  with  thionyl 
chloride,  and  the  acid  chloride,  so  prepared,  allowed  to  react 
with  zinc  methyl,  the  same  ketonic  ester  (XXX)  is  obtained. 
The  probability  that  the  two  esters  are  stereoisomerides  is  con- 
sidered to  be  supported  by  the  facts  that  they  both  yield  on 


*  Walker,  J.C.S.  1892,  61,  1093. 
f  Walker  and  Henderson,  ibid.  1896,  69,  755: 
1911  [ii],  83,  395. 
t  J.C.S.  1930,  p.  206. 


1899,  75,  340;  Bredt,  J.pr.  Chem. 
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bromination  of  their  acid  chlorides  followed  by  the  addition  of 
methyl  alcohol,  methyl  camphanate  (XXXI),  and  that  the 
a-ester  is  converted  into  the  /3-ester  by  the  action  of  thionyl 
chloride  and  water. 
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It  seems  to  the  writer  that  these  results  can  be  explained 
without  making  the  assumption  that  the  two  esters  are  stereo  - 
isomerides.  It  is  well  known  that  dibasic  acids,  which  readily 
give  anhydrides,  are  not  converted  into  their  acid  chlorides,  but 
into  their  anhydrides,  by  the  action  of  thionyl  chloride.  It  seems 
therefore  not  improbable  that,  in  this  case  also,  an  unstable 
chloroanhydride  is  formed,  which  passes  by  molecular  rearrange- 
ment into  the  more  stable  /3-ester  acid  chloride.  It  would  be  of 
interest  to  repeat  these  experiments  with  the  corresponding 
esters  of  isocamphoric  acid,  since  it  has  been  shown  by  Bredt* 
that,  when  camphoric  acid  is  treated  with  phosphorus  penta- 
chloride,  it  yields  a  mixture  of  the  acid  chlorides  of  camphoric 
and  ^ocamphoric  acids, f  the  former  of  which  has  the  unsym- 
metrical  structure  (XXXII),  since  it  yields  on  treatment  with 
ammonia  a-camphor  nitrilic  acid  (XXXIV),  the  imine  (XXXIII) 


*  Ber.  1912,  45,  1419. 

f  Compare  Walker  and  Wood,  J.C.8.  1900,  77,  386. 
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being  an  intermediate  product  of  the  reaction.  The  acid  chloride 
of  ^ocamphoric  acid  (XXXV)  has,  however,  the  normal  struc- 
ture and  yields  with  ammonia  the  trams-diamide  (XXXVI), 
m.p.  160°.  The  corresponding  cis-diamide  (XXXVIII),  m.p.  197- 
199°,  was  prepared  by  Winzer*  by  the  action  of  ammonia  on 
ethyl  camphoryl  malonate  (XXXVII).  The  reactions  involved  are 
shown  in  the  scheme : 
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(XXXVIII) 

Until  therefore  other  evidence  becomes  available,  it  is  un- 
desirable to  accept  Qudrat-i-Khuda's  conclusion  that  the  a-  and 
j8-esters  are  stereo-  and  not  structural  isomerides. 

A  large  number  of  both  neutral  and  hydrogen  esters  of  cam- 
phoric acid  have  been  prepared,  but  these  do  not  require  separate 
mention. 

*  Annahn,  1890,  257,  307. 
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Corresponding  to  the  two  hydrogen  esters  of  camphoric  acid 
two  monoamides  have  been  prepared.  The  a-amide  (XXXIX), 
m.p.  176-177°,  is  readily  obtained  by  the  action  of  ammonia  on 
camphoric  anhydride,*  whilst  it  can  be  prepared  also  by  warming 
isonitrosocamphor  (XL)  with  concentrated  hydrochloric  acid.| 
The  a-amide  is  reconverted  into  the  anhydride  when  it  is  heated 
above  its  melting-point,  but,  if  the  ammonium  salt  is  distilled, 
camphorimide  (XLI)  is  obtained.  By  the  action  of  sodium 
hypobromite  on  the  amide  NoyesJ  prepared  3-aminocamphonanic 
acid  (a-camphoramic  acid  (XLII)). 
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If  «-camphoramic  acid  is  heated  with  an  excess  of  acetyl 
chloride,  ring  closure  occurs  with  the  formation  of  the  hydro- 
chloride of  the  imine  (XLIII),§  which  gives  with  ammonia 
a-cyanolauronolic  acid  (LXV),  m.p.  151-152°,  by  molecular  re- 
arrangement of  the  unstable  imine  (LXIV).  This  cyano-acid  can 
be  prepared  much  more  conveniently  by  treating  ^onitroso- 
camphor  (LXVI)  with  phosphorus  pentachloride  and  decom- 
posing the  chloride,  so  obtained,  with  water. ||  The  calcium  salt 
of  the  nitrile,  like  that  of  the  isomeric  nitrile  (see  below),  under- 
goes an  interesting  reaction  when  distilled,  being  converted  into 
a  :  e-dimethyl-As-heptenoic  acid  (XLVII),  camphorimide  being  an 
intermediate  product  of  the  reaction. II 

*  Laurent,  Annalen,  1846,  60,  327;  Auwers  and  Schnell,  Ber.  1893,  26,  1522. 
t  Claisen  and  Manasse,  Annalen,  1893,  274,  78. 
t  Amer.  Chem.  J.  1894,  16,  506. 

§  Hoogewerff  and  van  Dorp,  Bee.  trav.  chim.  1895,  14,  262. 
||  Rupe  and  Splittgerber,  Ber.  1907,  40,  4313. 
1  Bredt  and  Wornast,  Annalen,  1903,  328,  346. 
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The  isomeric  fi-amide  (XL VIII)  of  camphoric  acid,  m.p.  182- 
183°,  is  best  prepared  by  warming  camphorimide  with  dilute 
sodium  hydroxide  solution.*  When  it  is  treated  with  sodium 
hypobromite  it  yields  aminodihydrocampholytic  acid  (p-cam- 
phoramic  acid)  (XLIX).  The  jS-amide  behaves  with  acetyl  chloride 
in  exactly  the  same  manner  as  its  isomeride  yielding  the  imine 
hydrochloride  (L),  which  with  ammonia  gives  cyanodihydro-a- 
campholytic  acid  (LI),  m.p.  109-111°.  On  distillation  of  its 
calcium  salt  the  heptene  acid  (XLVII)  is  obtained. 
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Wootonf  has  described  a  number  of  substituted  amides, 
which  were  obtained  by  the  action  of  various  bases  on  camphoric 
anhydride. 

*  Noyes,  Amer.  Chem.  J.  1894,  16,  310,  503;  Rupe  and  Splittgerber,  Ber.  1907, 
40,  4315. 

t  J.G.S.  1910,  97,  410. 
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Camphor  imide  (LII),  m.p.  243-244°,  was  probably  first 
obtained  by  Berzelius*  by  the  distillation  of  the  ammonium  salt 
of  the  a-amide,  but  it  is  more  conveniently  prepared  by  the 
distillation  of  camphoric  acid  in  a  stream  of  ammonia. f  In  its 
general  reactions  it  resembles  phthalimide  and  a  number  of 
substituted  derivatives  have  been  prepared  by  Evans.}  On 
electrolytic  reduction  Tafel  and  Eckstein§  have  shown  that  it 
yields  a-camphidone  (LIII),  m.p.  295°,  p-camphidone  (LIV), 
m.p.  225°,  and  camphidine  (LV),  m.p.  209°.  The  constitution  of 
a-  and  /3-camphidones  was  established  by  Tafel  and  Bublitz||  by 
converting  them,  through  their  m>o<so-derivatives,  into  a-  and 
/3-campholides.  A  more  simple  method  for  the  preparation  of 
a-camphidone  consists  in  heating  a-campholide  with  ammonia 
and  zinc  chloride  in  a  sealed  tube.H 
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Being  a  saturated  cyclic  acid,  camphoric  acid  is  extremely 
stable  to  reducing  agents.  When  it  is  heated  at  200°  in  a  sealed 
tube  with  hydriodic  acid,  it  undergoes  a  molecular  rearrange- 
ment with  loss  of  carbon  dioxide  and  formation  of  the  hydro- 
carbon, laurolene  (LVI),  the  constitution  of  which  is  discussed 
on  p.  424.**  If  red  phosphorus  be  added  to  the  hydriodic  acid, 
then  1  :  S-dimethylcyclohexane  (LVII)  is  obtained. ff  These  two 

*  Fehling's  Handworterbuch,  2,  380. 

f  Bredt  and  Wornast,  Annalen,  1913,  328,  338. 

J  J.C.S.  1910,  97,  2237. 

§  Ber.  1901,  34,  3277;  Rupe  and  Splittgerber,  ibid.  1907,  40,  4311. 
||  Ibid.  1905,  38,  3806. 

If  Rupe  and  Jaggi,  Helv.  Chim.  Acta,  1920,  3,  654. 
**  Walker  and  Henderson,  J.C.S.  1896,  69,  753. 
|f  Balbiano  and  Angeloni,  Gazzetta,  35,  i,  147. 
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hydrocarbons  are  formed  also  by  the  action  of  hydrochloric  acid 
or  phosphoric  acid  at  high  temperatures. 


CH3 

.iH 

C.CH, 


CH3 
I 

CH 
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CH2 
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Camphoric  acid  is  remarkably  stable  to  the  action  of  oxidising 
agents.  As  was  mentioned  on  p.  310,  it  gives  on  prolonged 
digestion  with  nitric  acid  camphoronic  acid,  whilst  with 
potassium  permanganate  the  most  important  product  is  Bal- 
biano's  acid  (p.  312). 

The  products  formed  on  fusion  of  camphoric  acid  with  both 
sodium  and  potassium  hydroxides  have  been  studied  in  great 
detail  by  Crossley  and  Perkin.*  They  consist  mainly  of  sub- 
stituted acyclic  acids.  When  the  calcium  salt  of  camphoric  acid 
is  distilled  it  yields  camphorone,  l-methyl-3-isopropylidenecyclo- 
pentan-2-one  (LVIII),  b.p.  200-202°,  d20°  0-933,  1-4824.1 
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(LVIII) 
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Other  salts  of  camphoric  acid  behave  differently  on  distilla- 
tion. Thus  the  lead  salt  yields  mainly  camphoric  anhydride, 
together  with  a  little  camphorone,  J  whilst  from  the  copper  salt 
isolaurolene  (LIX)  can  be  obtained. §  Other  methods  for  the 
preparation  of  this  hydrocarbon  are  described  later. 

Results  of  considerable  interest  have  accrued  from  a  study  of 
the  action  of  aluminium  chloride  on  camphoric  anhydride. 

*  J.C.S.  1898,  73,  3. 

f  Inter  al.  Wallach  and  Collmann,  Annalen,  1904,  331,  320. 
t  Boucsein,  Arch.  Pharm.  1855,  133,  277. 
§  Moitessier,  Jahresbericht,  1866,  p.  410. 
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Following  a  preliminary  investigation  by  Burcker,*  Blanc  f 
showed  the  main  product  of  the  reaction  to  be  isolauronolic 
acid.  As  the  outcome  of  a  more  thorough  investigation  Lees  and 
Perking  and  Perkin  and  Yates§  found  that,  in  addition  to 
isolauronolic  acid  (LXI),  four  stereoisomeric  1  :  3-dimethyl-l- 
hydroxycjclohexane-4:-carboxylic  acids  (LII)  were  formed.  It  is 
probable  that  the  mechanism  of  the  reaction  is  the  following. 
By  elimination  of  carbon  monoxide  camphoric  anhydride  passes 
into  a-campholytolactone  (LX),  which  decomposes  in  two  direc- 
tions: (i)  with  loss  of  water  and  wandering  of  one  of  the  ^era- 
dimethyl  groups  to  give  isolauronolic  acid,  and  (ii)  with  a 
wandering  of  one  of  the  gem-dimethyl  groups  into  the  ring,  so 
converting  a  five  into  a  six-membered  ring. 
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The  hydrogen  atom  attached  to  the  a-  (or  3-)  carbon  atom  in 
camphoric  acid  can  be  replaced  readily  by  halogen  with  the 
formation  of  monohalide  derivatives.  a-Chlorocamphoric  an- 
hydride (LXIII),  m.p.  233-235°,  was  prepared  by  Marsh  and 
Gardner] |  by  pouring  chlorocamphoric  acid  dichloride,  obtained 
by  the  action  of  an  excess  of  phosphorus  pentachloride  on 
camphoric  acid,  into  water.  It  can  be  prepared  also  by  the 

*  Compt.  rend.  1894,  119,  426;  Bull.  Soc.  chim.  1895  [iii],  13,  901. 
t  Compt.  rend.  1896,  123,  746;  124,  468;  Bull.  Soc.  chim.  1896  [iii],  15,  1191; 
1900  [iii],  23,  693. 

%  J.C.S.  1901,  79,  332. 

§  Ibid.  1373. 

II  Ibid.  1896,  69,  81. 
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action  of  chlorine  on  the  acid  chloride.*  Like  the  bromo- an- 
hydride (see  below)  on  digestion  with  alkali  or  with  water,  it  is 
converted  into  the  lactonic  acid,  campJianic  acid  (LXIV). 


H2C  c  CO  H2C 


H3C.C.CH3      0  — ► 

H2C  CC1  CO  H2C 

(LXIII)  (LXIV) 

a-Bromocamphoric  anhydride  (LXV)  can  be  prepared  either  by 
the  bromination  of  camphoric  anhydridef  or  the  acid  bromide.  J 
It  is  best  hydrated  to  the  corresponding  acid  by  warming  for  a 
few  minutes  with  concentrated  nitric  acid.§  When  either  the 
acid  or  its  anhydride  is  boiled  with  water,  dilute  alkali,  or  in 
acetic  acid  solution  with  potassium  acetate,  ||  it  is  converted 
mainly  into  camphanic  acid,  a  little  laurolenic  acid  (p.  422)  being 
formed  simultaneously.  The  important  experiments  of  Lap  worth 
and  Lenton  on  the  conversion  of  camphanic  acid  into  campho- 
nonic  acid  were  discussed  on  p.  400. 

Although  a-bromocamphoric  anhydride  yields  on  treatment 
with  alkali  only  the  lactonic  acid  and  no  unsaturated  acid 
containing  the  camphoric  acid  nucleus,  Bredt  and  his  colla- 
borators If  have  shown  that,  when  methyl  a-chlorocamphorate 
(LXVI),  m.p.  56°,  is  distilled  at  the  ordinary  pressure,  it  yields 
a  mixture  of  methyl  dehydrocamphorate  (LXVII),  b.p.  137°/ 15  mm., 
and  methyl  camphanate  (LXVIII).  The  former  can,  however,  be 
prepared  in  better  yield  by  the  distillation  of  phenyl  a-chloro- 
camphorate, m.p.  89°. 

CHq  CH3 

—  C09CH,     H,C  C  C09CH, 


H3C .  C .  CH3 

H2C  C-  C02CH3     H2C  CC1.C02CH3         HC=C  C02CH3 

(LXVIII)  (LXVI)  (LXVII) 

*  Aschan,  Acta  Soc.  Sci.  Fennicae,  1895,  21,  No.  5,  214. 

f  Wreden,  Annalen,  1872, 163,  330;  Fittig  and  Woringer,  ibid.  1885,  227,  1. 

i  Aschan,  Ber.  1894,  27,  2116,  3305. 

§  Kipping,  J. 0.8.  1896,  69,  63. 

||  Aschan,  Acta  Soc.  Sci.  Fennicae,  1895,  21,  No.  5,  221. 
If  Annalen,  1913,  395,  26. 
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On  hydrolysis  methyl  dehydrocamphorate  yields  dehydro- 
camphoric  acid  (LXIX),  d-form,  m.p.  202-203°,  [a]D  +  118-6°, 
which,  on  distillation  at  the  ordinary  pressure,  yields  a  mixture 
of  camphonenic  acid  (LXX)  and  isodehydrocamphoric  anhydride 
(LXXI),  m.p.  185-5-186°,  isodehydrocampkoric  acid  melting  at 
181-182°. 
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Dehydrocamphoric  acid,  which  yields  on  oxidation  with 
dilute  potassium  permanganate  camphoronic  acid,  does  not  give 
an  anhydride  and  it  must  therefore  have  the  ^ran<s-configuration. 
This  possibly  accounts  for  the  fact  that  the  acid  cannot  be 
prepared  from  a-bromocamphoric  anhydride.  When  dehydro- 
camphoric acid  is  heated  at  100°  with  hydrobromic  acid,  it 
yields  a  mixture  of  cis-  and  trans-4:-bromocamphoric  acids 
(LXXII)  and  (LXXIII),  melting  at  158-160°  and  232°,  re- 
spectively. On  reduction  with  zinc  dust  in  acetic  acid  solution 
the  c^5-acid  yields  camphoric  acid  and  the  tra?is-a,cid  isoe&m- 
phoric  acid.  They  differ  also  in  their  behaviour  towards  sodium 
carbonate  solution,  since  the  cis-bromo-acid  gives  k-hydroxy- 
camphorolactone  (LXXIV),  m.p.  228°,  whilst  the  trans-acid  gives 
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tY&nsA-hydroxycamphoric  acid  (LXXV),  m.p.  194°,  and  cam- 
phonenic  acid  (LXX).  These  results  are  most  simply  explained, 
if  it  be  assumed,  that  in  the  cis-acid  the  two  carboxyl  groups  are 
each  in  the  exposition  to  the  bromine  atom,  whilst  in  the  trans- 
acid  the  bromine  atom  is  in  the  cis-position  to  the  neighbouring 
carboxyl  group  and  in  the  2rcms-position  to  the  other  carboxyl 
group. 

Of  the  remaining  halogen  acids  derived  from  camphoric 
acid,  mention  need  only  be  made  of  ^-(Q-)bromocamphoric  acid 
(LXXVI),  m.p.  208-210°,  anhydride,  m.p.  142°,  prepared  by 
Armstrong  and  Lowry*  by  the  oxidation  of  j8-bromocamphor 
(p.  331),  and  7T-bromocamphoric  acid  (LXXVII),  m.p.  216-217°, 
anhydride,  m.p.  155-156°,  obtained  by  Kipping f  by  the  oxidation 
of  «7r-dibromocamphor  (p.  338)  with  nitric  acid. 
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When  7r-bromocamphoric  acid  is  warmed  with  dilute  sodium 
hydroxide  it  yields  the  sodium  salt  of  tr snis-Tr-camphanic  acid 
(LXXVIII),  m.p.  164-165°,  from  which,  by  boiling  with  an 
excess  of  alkali  and  acidification,  the  corresponding  hydroxy 
acid,  trans-77 -hydroxycamphanic  acid,  m.p.  131°,  can  be  pre- 
pared. This  acid,  when  distilled,  loses  water  with  the  formation 
of  a  new  lactone,  cis-ir-camphanic  acid,  m.p.  226°.  The  hydroxy 
acid  corresponding  to  this  lactonic  acid  is  extremely  unstable 


*  J.C.S.  1902,  81,  1467. 

f  Ibid.  1896,  69,  913;  Lapworth  and  Kipping,  ibid.  1897,  71,  12. 
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and  cannot  be  obtained  pure.  These  two  lactones  are,  according 
to  Kipping,  the  stereoisomerides  represented  by  (LXXVIII)  and 
(LXXIX),  the  cis-acid  being  a  derivative  of  ^ocamphoric  acid. 
They  differ  in  a  remarkable  manner  in  their  stability  to  oxidising 
agents,  since,  whereas  the  trans-acid  is  readily  oxidised  by  nitric 
acid  to  trsins-camphotricarboxylic  acid  (LXXX),  m.p.  195-196°, 
the  cis-acid  yields  cis-hydroxy-7T-camphanic  acid  (LXXXI), 
m.p.  264-265°'. 

Camphoric  acid  cannot  be  directly  sulphonated,  but  the 
7T-sulphonic  acid  (LXXXIII)  was  prepared  by  Lap  worth  and 
Kipping*  by  the  oxidation  of  a-bromocamphor-Tr-sulphonic  acid 
(LXXXII)  with  an  ammoniacal  solution  of  potassium  perman- 
ganate. It  melts  at  188°  with  the  formation  of  the  anhydride, 
m.p.  220-222°.  This  anhydride  can  be  converted  readily  into  the 
corresponding  sulphochloride,  m.p.  184-185°,  or  bromide,  m.p. 
169-170°,  which,  when  heated  above  their  melting-points,  yield 
respectively  ir-chloro-  and  rr-bromo-camphoric  anhydrides. 

CH3  CH3 
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C  CO  H2C  C.C02H 

,C.CH2.S03H   >  H3C.C.CH2.S03H 

■CH   CHBr  H2C  CH.C02H 

(LXXXII)  (LXXXIII) 


When  camphoric  acid  (or  camphoric  anhydride)  is  warmed 
with  concentrated  sulphuric  acid  an  unsaturated  sulphonic  acid, 
sulphocamphylic  acid,  C9H1405S,  is  obtained.*}"  This  acid  is 
formed  also  when  ^olauronolic  acid  (LXXXIV)  is  treated  with 
concentrated  sulphuric  acid.  The  reactions  of  this  interesting 
sulphonic  acid  have  been  studied  in  very  great  detail  by  Perkin.iJ 
He  concluded  that  it  was  represented  by  formula  (LXXXVI) 
and  that,  in  its  preparation  from  camphoric  acid,  ^olauronohc 
acid  was  formed  first,  the  reaction  proceeding  in  accordance 
with  the  scheme  on  p.  415. 

*  J.C.S.  1897,  71,  8. 

f  Walter,  Ann.chim.  1843  [iii],  9, 179;  Kachler,  Annalen,  1873,169, 179;  Dainsky, 
Ber.  1887,  20,  2959;  Koenigs  and  Hoerlin,  ibid.  1893,  26,  812;  1894,  27,  3466; 
Perkin,  J.C.S.  1898,  73,  798. 

%  J.C.S.  1898,  73,  798;  ibid.  1903,  83,  835. 
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If  this  constitution  be  accepted,  it  is  somewhat  difficult  to 
account  for  its  oxidation  with  nitric  acid  to  sulphoisopropyl- 
succinic  acid.  This  acid,  which  gives,  when  heated  at  160-170°, 
terebic  acid  (LXXXIX),  Perkin  represents  by  (LXXXVII),  the 
conversion  into  terebic  acid  proceeding  with  the  intermediate 
formation  of  teraconic  acid  (LXXXVIII).  This  explanation  of 
the  mechanism  of  the  oxidation  is  obviously  unsatisfactory  and 
a  renewed  investigation  is  desirable.  There  can  be  no  doubt  that 
sulphocamphylic  acid  contains  the  grouping  — C — C(CH3)2 — C — , 
since,  on  oxidation  with  nitric  acid,  in  addition  to  the  sulpho- 
^opropylsuccinic  acid,  dimethylmalonic  acid  is  formed. 

If  sulphocamphylic  acid  is  heated  at  210-220°  or  distilled  in 
steam  at  170-190°,  it  is  converted  into  ^olauronolic  acid.*  By 
fusion  with  sodium  hydroxide  Perkin  obtained  two  isomeric 
acids,  a-camphylic  acid,  m.p.  148°,  and  fi-camphylic  acid,  m.p. 
105-106°.  For  these  two  acids  Perkin  has  tentatively  suggested 
formulae  (XC)  and  (XCI).  For  the  evidence  upon  which  these 
formulae  are  based  reference  should  be  made  to  the  original 
memoir,  but  it  is  obvious  that  the  formula  assigned  to  /3-cam- 
phylic  acid  is,  in  all  probability,  incorrect. 
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Koenigs  and  Hoerlin,  Ber.  1893,  26,  813. 
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Some  Degradation  Products  of  Camphoric  Acid.  By  the  de- 
gradation of  camphoric  acid  and  its  derivatives,  a  number  of 
acids  containing  nine  carbon  atoms  have  been  prepared,  either 
the  a-  or  j6-carboxyl  group  having  been  ehminated.  The  deter- 
mination of  the  structure  of  these  acids  has  been  attended  with 
considerable  difficulty,  since  many  of  them  readily  undergo  the 
Wagner  rearrangement.  In  concluding  the  discussion  of  the 
chemistry  of  camphor  an  account  will  be  given  of  some  of  the 
more  important  of  these  acids,  those  in  which  the  tertiary  (jS-) 
carboxyl  group  has  been  eliminated  being  considered  first. 

a-Campholytic  acid,  1:1:  2-trimethyl-A2-cyclopentene-5-car- 
boxylic  acid  (II)  was  first  prepared  by  Walker*  by  the  electrolysis 
of  the  sodium  salt  of  a-ethyl  hydrogen  camphorate  (I),  when 
hydrolysis  of  the  ethyl  ester,  so  obtained,  gives  an  acid  having  a 
small  Zaevorotation. 
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Shortly  afterwards  Noyesf  prepared  the  acid  by  a  completely 
different  method.  When  p-camphoramic  acid  (III)  is  treated  in 
alkaline  solution  with  bromine,  it  yields  aminodihydro-a- 
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*  J.C.S.  1893,  63,  493. 

t  Amer.  Chem.  J.  1894,  16,  500;  1895,  17,  424;  Noyes  and  Phillips,  ibid.  1902, 
24,  290. 
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campholytic  acid  (IV),  which  by  the  action  of  nitrous  acid  gives 
a  mixture  of  hydroxydihydro-a-campholytic  acid  (V),  campholyto- 
lactone  (VI)  and  a-campholytic  acid  (II). 

A  more  detailed  study  of  this  reaction  was  made  by  Noyes  and 
Potter,*  who  have  found  that,  when  aminodihydro-a-campho- 
lytic  acid  is  heated,  it  yields  an  anhydride  (VII),  which  gives  with 
nitrous  acid  a  m>oso-derivative  (VIII),  m.p.  188-189°,  from 
which,  by  the  action  of  alkali,  te^-hydroxydihydro-a-cam- 
pholytic  acid,  m.p.  133-7°,  [a]D  +  7-01°,  together  with  some 
a-campholytic  acid,  campholytolactone  and  isolaurolene  (IX), 
was  prepared. 

CH3  CH3 

H2C  C  NH  H2C  (3  N.NO  HC  C.CH3 

H3C.C.CH3   ►        J  H3C.C.CH3  H3C.C.CH3 

H2C  CH  CO  H2C  CH  CO  H2C  CH2 

(VII)  (VIII)  (IX) 

From  the  tfrcms-hydroxy  acid  they  prepared  tr&ns-campholyto- 
lactone,  m.p.  115-117°,  [a]D  +  121-9°,  which  differed  from  cis- 
campholytolactone,  m.p.  118-119°,  [a]D  +  8-5°.  The  latter  lactone 
was  first  obtained  by  Tiemann  and  Kerschbaumf  by  the  action 
of  nitrous  acid  on  aminodihydro-a-campholytic  acid  and  yields 
on  solution  in  alkali  and  careful  acidification  cis-hydroxydihydro- 
a-campholytic  acid,  m.p.  118-5°,  [a]D  +  50- 8°.  J 

a-Campholytic  acid  was  synthesised  by  Perkin  and  Thorpe  § 
during  the  course  of  their  synthesis  of  camphoric  acid,  which  is 
described  on  p.  314.  By  the  action  of  magnesium  methyl  iodide 
on  ethyl  1  :  l-dimethylcjclopentan-5-one-2-carboxylate  (X),  they 
obtained  a  lactone,  a-campholactone  (XI),  b.p.  155-157°,  possibly 
a  mixture  of  cis-  and  /rans-campholytolactones.  This  lactone 
gave  with  hydrogen  bromide  2-bromo-l  :  1  :  2-trimethylcyc\o- 
pentane-5-carboxylic  acid  (hydrobromide  of  a-campholytic  acid)  || 
(XII),  m.p.  108°,  and  from  this  by  the  action  of  sodium  carbonate 
a-campholytic  acid  was  obtained. 

*  J.  Amtr.  Chem.  Soc.  1902,  34,  1067. 
t  Ber.  1900,  33,  2953. 

%  The  reactions  of  the  corresponding  amino -acid  derived  from  isocamphoric  acid 
have  been  investigated  by  Noyes  and  Littleton  (J.  Amer.  Chem.  Soc.  1913,  35,  75) 
and  by  Noyes  and  Nickell  (ibid.  1914,  36,  119). 

§  J.C.S.  1904,  85,  147.  ||  Compare  Noyes,  Ber.  1898,  28,  551. 
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CHa 
CO 
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H2G 


H3C .  C .  CH3 
 CH.C02H 


OH 


KMn04 


HC 


:xn) 


CH3 

I 

:C 


(XIV) 

CH3 


H,C- 


H3C .  C .  CHj 


CO 


(XIII) 
CH3 

— c. 

I 

HoC .  C .  CHf, 


OH 


H2C- 

/ 

'KMn04 


H8C .  C .  CHj 


CH.C02H 


(II) 


(XVI) 


(XV) 


On  oxidation  with  potassium  permanganate  a-campholytic 
acid  yields  dihydroxydihydro-a-campholytic  acid  (XIII),*  cis- 
hydroxydihydro-a-campholytic  acid  (XV)  and  h-keto-fi-carboxy- 
yy-dimethylhexoic  acid  (XIV),  m.p.  1 19-121°. f  If  the  acid  be 
oxidised  with  chloric  acid  in  the  presence  of  osmium,  then  the 
lactone  (XVI)  is  obtained,  being  formed  evidently  from  the 
hydroxy-acid  (XV). 

With  bromine  a-campholytic  acid  gives  a  dibromide,  m.p. 
110-114°4 

The  most  characteristic  reaction  of  a-campholytic  acid  is  the 
remarkable  tendency  which  it  shows  to  isomerise  to  isolauronolic 
acid  (isocampholytic  acid,  fi-campholytic  acid)  (XVII),  this 
Wagner  rearrangement  occurring  when  the  acid  is  allowed  to 
stand  in  the  cold  with  sulphuric  acid  (1  :  1),  or  warmed  with 
dilute  sulphuric  acid.§  The  reaction  is  reversible,  since  if 
isolauronolic  acid  is  treated  with  cold  concentrated  aqueous 

*  Tiemann  and  Kerschbaum,  Ber.  1900,  33,  2940;  Blanc,  Bull.  Soc.  chim.  1901 
[iii],  25,  83. 

|  Chandrasena,  Ingold  and  Thorpe,  J.C.S.  1922,  121,  1548;  1925,  127,  1677. 
%  Noyes,  Ber.  1895,  28,  552. 

§  Noyes,  ibid.  548;  Amer.  Chem.  J.  1895,  17,  428;  Perkin,  J.C.S.  1903,  83,  854. 
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hydrogen  bromide  it  yields  the  hydrobromide  of  a-campholytic 
acid  (XVIII).* 

CH3                                   CH3  CH3 
rC  H2C  C.CH3  H2C  C.Br 


B.C- 


H3C .  C .  CH3 
 CH.CO,H 


H2S04 


H2C 


HBr 


C.CH3 
II 

C.COoH 


H3C .  C .  CH3 
 CH.C02H 


(II) 


(XVII) 


(XVIII) 


^oLauronolic  acid  was  first  isolated  by  Walkerf  in  the  form 
of  its  ethyl  ester  from  amongst  the  products  obtained  by  the 
electrolysis  of  the  sodium  salt  of  a-ethyl  hydrogen  camphorate 
(XIX),  and  later  by  Walker  and  CormackJ  from  the  corre- 
sponding methyl  ester.  As  was  mentioned  on  p.  410  it  can  be 
very  readily  prepared  by  the  action  of  aluminium  chloride  on 


CH3 


H2C- 


HoC .  C .  CHo 


H20 


in. 


C02C2H5 


H2C- 


CH3 
I 

C.CH3 
C.CH3 
-C.CCU2 


(XIX) 


(XVII)    (R=R  or  C2H5) 


camphoric  anhydride,  and  it  is  formed  also  when  sulphocam- 
phylic  acid  is  distilled  in  superheated  steam  (p.  415).  iso- 
Lauronolic  acid,  which  is  dimorphic,  melts  at  135°  and  is  volatile 
in  steam.  The  constitution  of  the  acid  is  established  by  its 
oxidation  with  ozone  to  yy-dimethyllaevulinic  acid  (XX). §  This 
acid  is  obtained  also  when  chromic  acid  is  used  as  the  oxidising 
agent.H 

CH, 


H2C- 


CH3 
-C.CH3 
C.CH, 


03 


H9C- 


-C.CH3 
OC.CH, 


(XVII) 


(XX) 


*  Walker  and  Cormack,  J.C.S.  1900,  77,  378. 
f  Ibid.  1893,  63,  504. 
j  Ibid.  1900,  77,  375. 

§  Haworth  and  Perkin,  ibid.  1908,  83,  588. 

||  Blanc,  Bull.  Soc.  chim.  1898  [iii],  19,  534;  Ann.  chim.  1899  [vii],  18,  259; 
Perkin,  J.C.S.  1898,  73,  844. 


27-2 


420 


CAMPHANE,  ISO C AMP HANE 


PT.  I 


When  ^solauronolic  acid  is  oxidised  with  potassium  perman- 
ganate in  ice-cold  neutral  solution,  it  behaves  in  a  somewhat 
remarkable  manner,  the  main  product  of  the  reaction  being  a 
ketonic  acid,  isolauronic  acid,  m.p.  133.*  Blanc  has  shown  this 
acid  to  be  1  :  l-dimethyl-Az-cyclohexen-2-one-4;-carboxylic  acid 
(XXII),  which  must  be  formed  by  the  internal  condensation  of 
the  diketonic  acid  (XXI),  the  reaction  proceeding  in  accordance 
with  the  scheme: 


H2o 


H2C- 


CH3 

■i.CH, 
I 

C.CHa 
-C.COo 


CH3 
-C.CH3 
OC.CH, 


H2C- 


CH3 
-C.CH, 

L 


 C.C02H 

(XVII)  (XXI)  (XXII) 

On  reduction  with  sodium  in  amyl  alcoholic  solution  iso- 
lauronolic  acid  yields  the  saturated  acid,  dihydroisolauronolic 
acid  (XXIII),  b.p.  114°/22mm.,t  which  gives  on  bromination 
a-bromodihydroisolauronolic  acid  (XXIV),  m.p.  124-125°.  This 
bromo-acid  is  reconverted  into  *solauronolic  acid  by  the  action 
of  alkali.  The  isomeric  ft-bromo-acid  (XXV),  m.p.  132-135°,  is 
obtained  when  ^solauronolic  acid  is  treated  with  aqueous  hydro- 
gen bromide  (50  per  cent.),t  although,  if  a  solution  of  hydrogen 
CH3  CH3  CHa 

-C.CH3  H2C  C.CH3  I 

I 

CH.CH3  NaOH 
-CBr.C02H         "  I 


H2C- 


I 

C.CH, 


CH.CH3 
CH.COJI 


Br, 


A. 


CHa 


H, 


(XXIII) 


ELC- 


H2C 


(XXIV) 
CH3  M 

 C.CH3 

Br.C.CH3 


(XVII) 


CH 

1 
I 


Br 


HoC .  C .  CH« 


 CH.C02H 

(XXVI) 


(XXV) 

*  Inter  erf.  Blanc,  Bull.  Soc.  chim.  1898  [iii],  19,  281. 

f  Noyes,  Amer.  Chem.  J.  1896, 18,  189;  Perkin,  J.C.S.  1898,  73,  886. 

t  Walker  and  Cormack,  J.C.S.  1900,  77,  381. 
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bromide  saturated  at  0°  is  used,  then  the  hydrobromide  of 
ct-campholytic  acid  (XXVI)  is  obtained.  When  ^olauronolic  acid 
is  heated  under  pressure  at  300°*  or  distilled  after  admixture  with 
anthracene,  f  elimination  of  carbon  dioxide  occurs  with  the 
formation  of  the  hydrocarbon,  isolaurolene  (XXVII),  b.p. 
108-5°/758  mm.,  d\55l  0-7867,  n™*  1-4333.  The  constitution  of  this 
hydrocarbon  has  been  proved  by  its  synthesis  by  Blanc  4 

H2C  C .  CHg   C  •  CH3 

C.CH3   ► 

■C.COoH  H2C  CH 


H2C- 


I 

C.CH, 


-2V 

(XVII)  (XXVTI) 


There  has  been  considerable  confusion  in  the  nomenclature  of 
the  acids  derived  from  camphoric  acid  by  the  elimination  of  the 
a-  (secondary)  carboxyl  group,  owing  to  the  intramolecular 
rearrangements  which  occur  in  their  formation.  In  the  sequel 
Bredt's  nomenclature  §  is  adopted. 

Only  one  unsaturated  acid,  C9H1402 ,  retaining  the  camphoric 
acid  structure  and  its  tertiary  carboxyl  group,  is  known.  This 
acid,  camphonenic  acid  (XXVIII)  (p.  422),  formerly  designated 
y-lauronolic  acid,  was  first  prepared  in  an  impure  state  by  Noyes|| 
by  the  action  of  nitrous  acid  on  aminocamphonanic  acid  (XXIX), 
and  later  by  Noyes  and  TaveauU  by  the  action  of  alkali  on  the 
nitroso  derivative  (XXX)  of  the  anhydride  of  this  acid.  Cam- 
phonenic acid  can  be  prepared  most  readily  by  the  distillation  of 
dehydrocamphoric  acid  (XXXI)  as  was  mentioned  on  p.  412. 

Camphonenic  acid  melts  at  155-156°  and  its  constitution  has 
been  proved  by  its  oxidation  to  camphoronic  acid  (XXXII). 

Isomeric  with  camphonenic  acid,  but  having  a  different  ring 
structure,  is  the  acid  formerly  known  as  lauronolic  acid,  but  which 
has  now  been  designated  laurolenic  acid.  This  acid  was  first 
prepared  by  Fittig  and  Woringer**  by  the  distillation  of  cam- 

*  Blanc,  Bull.  Soc.  chim.  1898  [iii],  19,  200;  Ann.  chim.  1899  [vii],  18,  215. 
f  Crossley  and  Renouf,  J.G.S.  1906,  89,  41. 
%  Compt.  rend.  1906,  142,  1085. 
§  J.pr.  Chem.  1913  [ii],  87,  1. 

||  Ber.  1895,  28,  553;  Amer.  Chem.  J.  1894,  16,  508;  1895,  17,  433. 
1  Amer.  Chem.  J.  1906,  35,  379. 
**  Annalen,  1885,  227,  1 ;  compare  Bredt  and  Amann,  J.  pr.  Chem.  1913  [ii],  87,  12. 
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phanic  acid  (XXXIII)  and  also  by  heating  a-bromocamphoric 
anhydride  (XXXIV)  with  water.  It  can  be  obtained  more 
conveniently  from  the  latter  by  warming  with  sodium  carbonate 
solution.*  It  is  formed  also  when  camphonolactone  (XXXV)  is 
heated  with  hydrogen  bromide  and  the  resulting  unstable 
bromocamphonanic  acid  (XXXVI)  warmed  with  alkali. f 
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H2C  C.C02H 


HO,C 
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C.C02H 
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C.CH3 

-C.CH3 


Na2COo 


H9C 


CH3 
 C.CO 

HjC.C.CH^ 
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 CBr  CO 


(XXXVII) 
NaOH  |  CH3 

H9C  C.C02H 


(XXXIV) 


HBr 
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,c.i. 


CH, 


H2C 


(XXXV) 


-CHBr 
(XXXVI) 


*  Aschan,  Ber.  1894,  27,  3540;  Annalen,  1896,  290,  187;  compare  Tiemann  and 
Tigges,  Ber.  1900,  33,  2944;  Bredt,  Houben  and  Levy,  ibid.  1902,  35,  1288. 
f  Bredt  and  Amann,  J.  pr.  Chem.  1913  [ii],  87,  12. 
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The  identity  of  the  acids  prepared  by  these  various  methods 
has  been  established  by  Noyes  and  Burke,*  the  slight  differences 
in  their  properties  being  due  to  partial  racemisation.  Laurolenic 
acid  melts  at  13°  (Eykman),  b.p.  135-135-5°/14-5  mm., 
d20'5  1-009,  [a]D  +  185-5°.  The  acid  forms  a  very  characteristic 
calcium  salt,  which,  according  to  Bredt,  f  crystallises  with  two 
molecules  of  water  of  crystallisation,  although  other  authors 
(Noyes  and  Burke)  state  that  three  molecules  are  present.  The 
constitution  (XXXVII),  now  assigned  to  laurolenic  acid,  was 
first  suggested  by  Lapworth,  f  who  recognised  that,  in  its  pre- 
paration by  any  of  the  methods  referred  to  above,  a  Wagner 
rearrangement,  with  the  shift  of  a  methyl  group,  occurred.  The 
absence  of  the  "camphoric  acid"  ring  structure  is  proved  by  the 
fact  that  it  does  not  give  any  camphoronic  acid  on  oxidation.  § 
When  laurolenic  acid  is  oxidised  with  potassium  permanganate 
it  yields  dihydroxydihydrolaurolenic  acid  (XXXVIII),  m.p.  153- 
154°,andZawew<me,b.p.  92-95°/16 mm.,  d12  5° 0-9572,  nD  1-48535, 
oxime,  m.p.  105-107°,  which  must  be  represented  by  either 
(XXXIX)  or  (XXXIX  a).  || 

CH3  CH3 

-C.C09H 


H2C- 
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C.C02H  H2C 
C.CH3  KMn04 
C.CHo  HoC- 


.ci. 


(XXXVII) 
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CO 
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CO.CH3 

CH3 
-CH 


-C.CH, 


H2C  C  CH  H2C  CO  CH 


(XXXIX)  (XXXIX  a) 

When  laurolenic  acid  is  boiled  with  dilute  acids  it  gives  a 
lactone,  laurolactone,  formerly  called  campholactone  (XL),  m.p. 

*  J.  Amer.  Chem.  Soc.  1912,  34,  174. 
t  J.  pr.  Chem.  1911  [ii],  83,  395. 

%  Brit.  Assoc.  Report,  1900,  327;  compare  Lapworth  and  Lenton,  J.C.8.  1901, 
79,  1284. 

§  Bredt,  Houben  and  Levy,  Ber.  1902,  35,  1288. 

||  Lapworth,  Brit.  Assoc.  Report,  1900,  327;  Bredt,  J.  pr.  Chem.  191 1  [ii],  83, 400. 
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50° ,  which  is  isomeric  with  camphonolactone  (p.  422).  It  was 
observed  by  Schryver*  that  laurolactone  could  be  nitrated 
yielding  nitrolaurolactone,  m.p.  171°,  which  from  its  reactions 
undoubtedly  contains  a  tertiary  nitro-group,  and  must  therefore 
be  represented  by  (XLI).  Noyes  and  Hombergerf  have  pre- 
pared a  stereoisomeric  nitrolactone,  m.p.  122°,  by  the  nitration  of 
camphonolactone . 

CH3 

H,C  C  CO  E 


I 

H3C.CH  0 
H2C  C .  CH3 


HNOo 


(XL) 


(XLI) 


With  hydrogen  iodide  laurolenic  acid  gives  an  unstable 
hydriodide,  which  yields  on  reduction  laurolanic  acid  (dihydro- 
laurolenic  acid),  b.p.  2157749  mm.,  df*'5°  0-9008,  1-4786, 
[a]D  +  1-74°,  amide,  m.p.  50-51°. 

By  the  distillation  of  camphanic  acid,  in  addition  to  laurolenic 
acid  and  other  products,  a  hydrocarbon,  laurolene,  C8H14,  is 
formed.  J  Laurolene  is  obtained  also,  when  calcium  camphanate 
is  distilled, §  by  the  distillation  of  laurolenic  acid,  ||  by  the  action 
of  sodium  nitrite  on  aminolauronic  acid  or  by  the  action  of  alkali 
on  the  nitroso  derivative  of  aminolauronic  anhydride. If  Lauro- 
lene, prepared  by  any  of  these  methods,  boils  at  119-5- 


dl°0l  0-8048, 


n„  1-44376, 


120-5°/760  mm.; 
showing  marked  variations,  [a]jD+  28-65c 
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to  -  14-7°.  It  was 
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CO.CH, 
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C.CH, 


CO.CH, 


(XLII) 


(XLIII) 


*  J.C.S.  1898,  73,  559. 

f  J.  Amer.  Chem.  Soc.  1910,  32,  1665. 

{  Aschan,  Annalen,  1896,  290,  187;  compare  Crossley  and  Renouf,  J.C.S.  1906, 
89,  37. 

§  Wreden,  Annalen,  1872, 163,  337;  compare  Rupe  and  Maull,  Ber.  1893,  26,  1202. 
||  Walker  and  Henderson,  J.C.S.  1896,  69,  749. 

H  Noyes,  Amer.  Chem.  J.  1894, 16,  508;  1895, 17,  432;  Noyes  and  Derick,  J.  A  mcr. 
Chem.  Soc.  1909,  31,  671;  1910,  32,  1061. 
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suggested  by  Eykman*  that  it  was  probably  represented  by 
(XLII),and  support  was  lent  to  this  structure  by  the  observation 
of  Noyes  and  Derick  that,  on  oxidation  with  potassium  per- 
manganate, ay-diacetylbutane  (XLIII)  was  obtained.  This  con- 
stitution has  been  confirmed  by  Noyes  and  Kyriakides'f 
synthesis  of  the  hydrocarbon. 


EPICAMPHOR  {^-CAMPHOR) 
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Although  epicamphor  (or  /2-camphor)  (I)  has  not  been  found  to 
occur  in  nature,  in  view  of  its  close  structural  relationship  to 
camphor  (II)  it  was  generally  recognised  that  a  study  of  its 
reactions  was  likely  to  be  of  considerable  interest  and  might 
assist  in  the  solution  of  a  number  of  difficult  problems  connected 
with  the  chemistry  of  camphor  and  its  derivatives.  Many  un- 
successful attempts  at  its  preparation  are  recorded  in  the  litera- 
ture,}: whilst  Wagner§  considered  that  the  hydration  of  bornylene 
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*  Chem.  Weekblad,  1906,  4,  50. 

t      Amer.  Chem.  Soc.  1910,  32,  1604. 

j  Duden  and  Macintyre,  Annalen,  1900,  313,  59;  Haller  and  Blanc,  Compt.  rend. 
1905,  141,  697. 

§  Chem.  Ztg.  1903,  27,  271;  Ber.  1903,  36,  4602. 
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(III)  by  the  Bertram-Walbaum  process  gave  epiborneol  acetate 

(IV)  ,  which  on  hydrolysis  and  oxidation  yielded  epicamphor. 
Bredt  and  Hilbing*  found,  however,  that  the  hydration  of 

bornylene  yields  an  acetate  which  gives  on  hydrolysis  a  mixture 
of  alcohols,  which  consist  essentially  of  borneol  and  ^oborneol 

(V)  ,  since  on  oxidation  only  camphor  is  obtained.  It  is  of  course 
not  impossible  that  epiborneol  is  also  formed  to  a  slight  extent. 

Z-Epicamphor  was  first  prepared  by  Lankshear  and  Perkint 
from  d-camphane-3-carboxylic  acid  (VI),  an  acid  which  can  be 
prepared  from  cZ-camphorcarboxylic  acidj  (see  p.  373).  By  the 
bromination  of  the  acid  chloride  of  this  acid  the  6romo-acid 

(VII)  was  obtained  and  from  this  by  the  action  of  potassium 
acetate  and  alcoholic  potassium  hydroxide,  the  hydroxy  acid 

(VIII)  .  When  this  acid  was  oxidised  with  either  chromic  acid, 
lead  peroxide  or  potassium  permanganate  Z-epicamphor  (I)  was 
formed. 
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 CH  C 

(VIII) 
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A  few  months  later  Bredt  and  Hilbing  §  prepared  Z-epicamphor 
by  a  somewhat  different  process.  They  converted  d-bornylene- 
3-carboxylic  acid  (IX)  through  its  acid  chloride  into  the  hydrazide 
(X),  from  which  by  the  Curtius  method  the  azide  (XI)  was 
prepared,  which  on  digestion  with  hydrochloric  acid  gave 
I -epicamphor. 

*  J.  pr.  Chem.  1911  [ii],  84,  783. 

t  Proc.  C.S.  1911,  27,  167. 

i  Bredt,  Annalen,  1906,  348,  200;  1909,  366,  1. 

§  Chem.  Z.  1911,  35,  765. 
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Bredt  and  Perkin  joined  forces  in  investigating  the  chemistry 
of  Z-epicamphor  and  two  years  later*  gave  an  account  of  their 
work.  They  found  that  neither  of  the  methods  referred  to  above 
was  suitable  for  the  preparation  of  the  ketone,  since,  although 
the  latter  method  was  preferable,  it  suffered  from  the  dis- 
advantage that  the  azide  (XI)  was  explosive,  and  hence  it  was 
only  possible  to  work  with  small  quantities  of  material.  A  new 
process  was  therefore  devised  starting  from  d-bornylene-3- 
hydroxamic  acid  (XIII),  m.p.  136°,  which  was  readily  obtained 
by  the  action  of  hydroxylamine  on  methyl-d-bornylene-3-car- 
boxylate  (XII)  in  the  presence  of  sodium  methylate.*j"  This  acid 
passed,  on  heating  above  its  melting-point,  with  extreme  ease 
into  Z-epicamphor,  due  doubtless  to  the  fact  that  it  isomerises 
to  d-bornylene-3-isocyanate  (XIV),  which  is  decomposed  by  the 
water  formed  in  the  reaction  to  yield  Z-epicamphor  and  am- 
monia. At  the  same  time  a  considerable  quantity  of  resin, 
d-bornylene-3-^socyanate,  is  obtained  which  can  be  hydrolysed 
by  hydrochloric  acid  to  Z-epicamphor. 

The  intramolecular  change,  (XIII)  to  (XIV),  can  be  carried 
out  very  smoothly  by  shaking  the  sodium  salt  of  the  hydroxamic 
acid  with  j9-toluenesulphonyl  chloride,  the  ^ocyanate  being  then 
hydrolysed  with  hydrochloric  acid.  This  has  up  to  the  present 
been  found  to  be  the  most  convenient  method  for  the  prepara- 
tion of  Z-epicamphor,  and  starting  from  Z-camphor  Furness 


*  J.C.S.  1913, 103,  2182. 

f  Compare  Lossen,  Annalen,  1875,  175,  313;  178,  213;  Thiele  and  Pickard,  ibid. 
1899,  309,  189. 
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H2C- 


and  Perkin*  prepared  c?-epicamphor  by  the  same  series  of  re- 
actions.! 
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Epicamphor  has  an  odour  very  similar  to,  yet  distinct  from 
that  of  camphor.  The  d-  and  Z-forms  melt  at  182°  and  the  dl-iovm 
at  practically  the  same  temperature,  180°;  it  boils  at  213°, 
[a]D  +  58-4°,  —58-21°  (in  benzene). f  The  ketone  can  be  charac- 
terised by  the  preparation  of  the  oxime,  §  d-  and  1-,  m.p.  103-104°, 
[a]D  +  98-9°,  -  100-5°  (in  benzene),  dl-,  m.p.  99-100°,  or  the 
semicarbazone,  d-  and  1-,  m.p.  237-238°. 

On  reduction  with  sodium  and  alcohol  Z-epicamphor  yields 
1-epiborneol  (XV),  m.p.  181-182-5°,  phenylur ethane,  m.p.  82°.  No 
evidence  was  obtained  of  the  formation  of  a  stereoisomeric 
alcohol  corresponding  to  ^oborneol.  It  is  of  interest  to  note  that 
Z-epiborneol  prepared  from  Z-epicamphor  appeared  to  be  optically 
inactive,  but  this  optical  inactivity  was  only  apparent,  since, 
when  the  alcohol  was  converted  into  methyl  l-epibornylxanthate 

*  J.C.S.  1914, 105,  2085. 

f  Epicamphor  can  probably  be  most  conveniently  prepared  in  quantity  by  the 
reduction  of  "/^-hydroxy  camphor"  (hydroxyepicamphor)  (Bredt  and  Bredt- 
Savelsberg,  Ber.  1929,  62,  2216)  (see  p.  357). 

t  ^/-Epicamphor  and  a  number  of  its  derivatives  have  been  prepared  by  Bredt, 
Drouven,  Schumann  and  Scholl,  J.  pr.  Chem.  1931  [ii],  131,  132. 

§  The  oxime  prepared  from  Z-epicamphor  is  dextrorotatory,  a  reversal  of  sign 
occurring,  as  in  the  case  of  camphor. 
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(XVI)  by  Tschugaev's  method  and  this  ester  distilled,  \-bornylene 

(XVII)  ,  [a]D  —  18-4°  (in  benzene),  was  obtained  and  this  gave 
^-camphoric  acid  on  oxidation. 
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Z-Epiborneol  has  also  been  prepared  by  Bredt  and  Pinten* 
from  bornyl  chloride  (XVIII),  which  on  oxidation  with  chromic 
acid  gives  6-chloroepicamphor  (XIX),  m.p.  161°,  and  this  on 
reduction  with  sodium  and  alcohol  yields  Z-epiborneol. 

CH3  CH3  CH3 
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(XVIII)  (XIX)  (XV) 

Z-Epicamphor  is  comparatively  stable  to  oxidising  agents  and 
is  scarcely  attacked  by  cold  dilute  potassium  permanganate ;  it 
can,  however,  be  oxidised  by  nitric  acid  (d=  1-3)  at  100°,  when 
it  yields  ^-camphoric  acid. 

Bromo-l-epicamphor  (XXI),  m.p.  133-134°,  [a]D  -  86-6°  (in 
ethyl  acetate),  can  be  readily  prepared  by  the  action  of  bromine 
on  Z-epicamphor  at  100°.  The  eZZ-modification  melts  at  135°. 
Bromo-Z-epicamphor  is  obtained  also  when  bromo-l-epicamphor- 
carboxylic  acid  (XX)  (see  below)  is  heated  above  its  melting- 
point.  Its  constitution  is  therefore  proved.  A  second  unstable 
modification  has  been  described  by  Bredt.  |  It  melts  at  144° 
and  on  keeping  passes  into  the  stable  form,  m.p.  134°. 

CH,  CH, 


H2C 


I 

 C  

I 

H3C .  C .  CH3 

—U- 

(XX) 


c/ 


Br 


^C02H 


H2C- 


CHBr 


CO 


H2C 


H3C .  C .  CH, 

—Ah- 


CO 


(XXI) 


*  J.  pr.  Chem.  1927,  115,  45;  compare  Murayama  and  Arihara,  J.  Pharm.  Soc. 
Japan,  1926,  No.  528,  14. 

t  J.  pr.  Chem.  1931  [ii],  131,  135. 
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Like  camphor  (see  p.  387),  Z-epicamphor  reacts  readily  with 
^soamyl  nitrite  in  the  presence  of  sodamide  to  yield  isonitroso- 
l-epicamphor  (XXII),  which  is  obtained  in  two  modifications, 
m.p.  168-170°,  [a]D  -  201-9°  (in  benzene),  j8-,  m.p.  138-140°, 
[a]D  —  183-5°  (in  benzene).  The  latter  isomeride  is  unstable  and 
on  boiling  with  water  gives  the  a-modification.  These  two  iso- 
nitroso-Z-epicamphors  have  been  prepared  also  by  Forster  and 
Spinner*  by  the  hydrolysis  of  the  two  oximes  of  phenylimino- 
camphor  (XXIII)  (see  p.  393). 
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Both  forms  of  ^onitroso-epicamphor  yield,  on  hydrolysis  with 
hydrochloric  acid  and  formaldehyde,  camphorquinone,  and  with 
sulphuric  acid,  d-camphorimide ;  whilst,  on  reduction  with  zinc 
dust  and  sodium  hydroxide,  they  yield  the  same  amino-l- 
epicamphor  (XXIV),  m.p.  168-170°,  [a]D  +  15°  (in  benzene). 
Amino -Z-epicamphor,  unlike  «-aminocamphor,f  is  comparatively 
stable. 

Like  camphor,  Z-epicamphor  does  not  react  with  hydrogen 
cyanide,  which  is  somewhat  remarkable,  since,  unlike  camphor, 
the  keto  group  is  not  attached  to  a  tertiary  carbon  atom. 

l-Epicamphorcarboxylicacid  (XXV),  m.p.  120-122°,  [a]D— 18-5° 
(in  ethyl  acetate),  can  be  readily  prepared  by  boiling  a  benzene 
solution  of  the  ketone  with  sodamide  in  a  current  of  carbon 
dioxide.  Since  its  alcoholic  solution  gives  with  ferric  chloride  a 
green  coloration,  and  it  can  be  readily  brominated  to  give 


*  J.C.S.  1912, 101,  1348. 

t  Duden  and  Pritzkov,  Annalen,  1899,  307,  209. 
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a-bromo-l-epicamphorcarboxylic  acid  (XXVI),  m.p.  145°,  it 
follows  that  the  acid  must  be  represented  by  (XXV)  and  not  by 
the  alternative  formula  (XXV  a). 
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An  isomeric  epicamphorcarboxylic  acid,  m.p.  185°,  [a]D  ±  0°. 
has  been  prepared  by  Murayama  and  Tanaka*  by  the  oxidation 
of  campliane-2-carboxylic  acid  (XXVII)  with  chromic  acid.  This 
acid  is  considered  to  have  formula  (XXVIII). 
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^-Epicamphorcarboxylic  acid  cannot  be  reduced  with  sodium 
amalgam,  but  on  electrolytic  reduction  it  yields  l-epiborneol- 
carboxylic  acid  (XXIX),  which  has  been  obtained  in  four 
modifications  :f  A,  m.p.  125°,  [a]D  +  2-36°,  B,  m.p.  145°, 
[aXo -4-8°,  C,  m.p.  173°,  [a]D+  15-18°  and  D,  m.p.  237°, 
[a]D  +  77-9°.  When  the  hydroxy  acid  is  heated  with  acetyl 
chloride  elimination  of  water  occurs  with  the  formation  of 
\-bornylene-2-carboxylic  acid  (XXX),  m.p.  115°,  [a]D  —  98-82°  (in 
ethyl  acetate).  This  acid  gave  on  reduction  l-camphane-2- 
carboxylic  acid  (XXXI),  m.p.  78-80°,  [a]D  -  37-8°  (in  ethyl 
acetate). 
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*  J.  Pharm.  Soc.  Japan,  1926,  527,  1. 

f  All  the  determinations  of  rotatory  power  were  made  in  ethyl  acetate  solution. 
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Z-Bornylene-2-carboxylic  acid  can  be  converted  into  ^-camphor 
in  exactly  the  same  manner  as  d-bornylene-3-carboxylic  acid  is 
converted  into  Z-epicamphor.  The  reactions  involved  in  this 
interesting  cycle  is  shown  in  the  scheme : 


d-Camphor 


d-Camphorcarboxylic  acid  Z-Bornylene-2-hydroxamic  acid 

d-Borneolcarboxylic  acid  Z-Bornylene-2-carboxylic  acid 

d-Bornylene-3-carboxylic  acid  Z-Epiborneolcarboxylic  acid 

<Z-Bornylene-3-hydroxamic  acid  Z-Epicamphorcarboxylic  acid 

\  / 

Z-Epicamphor 
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A.  HYDROCARBONS 
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Fenchane  (II),  the  parent  hydrocarbon  of  the  important  ketone > 
fenchone,  was  prepared  in  1911  simultaneously  by  Wolff*  by  the 
action  of  sodium  ethylate  on  d-fenchonehydrazone  (I)  and  by 
Kishnerf  by  distillation  of  this  substance  with  potassium 
hydroxide. 


Direct  proof  that  fenchane  contains  the  same  ring  structure 
as  fenchone  and  that  no  molecular  rearrangement  has  taken 
place  was  furnished  by  Nametkin's  investigation {  of  the  action 
of  nitric  acid  on  the  hydrocarbon.  When  fenchane  is  heated  with 
dilute  nitric  acid  at  135-140°  it  yields  a  mixture  of  two  secondary 
nitrofenchanes,  b.p.  139-140°/40  mm.,  which  cannot  be  se- 
parated from  one  another.  These  must  be  2-nitrofenchane  (III) 
and  6-nitrofenchane  (IV),  since  on  oxidation  with  potassium 
permanganate  a  mixture  of  fenchone  (V)  and  isofenchone  (VI)  is 


CH3 
(I) 


(II) 


*  Annalen,  1911,  394,  97. 

t  J.  Buss.  Phys.  Chem.  Soc.  1911,  43,  584. 

J  Ibid.  1915,  47,  1590. 
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obtained.  An  additional  product  of  the  action  of  nitric  acid  is 
isofenchocamphoric  acid  (VII),  which  evidently  results  from  the 
degradation  of  ?'sofenchone. 
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Fenchane  has  also  been  obtained  by  Qvist*  by  the  reduction  of 
a-fenchene  dibromide  (p.  447)  with  sodium  and  alcohol,  when  a 
mixture  of  a-fenchene  (VIII)  and  fenchane  is  obtained.  The 
constitution  of  the  dibromide  is  not  known,  but  the  reaction,  like 
that  of  the  conversion  of  camphene  dibromide  into  tricyclene 
and  camphene, f  must  involve  a  Wagner  rearrangement. 
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Fenchane,  prepared  from  d-fenchonehydrazone,  does  not 
solidify  when  cooled  to  —  15°  and,  according  to  Wolff,  boils  at 
149°/750  mm.,  d2f  0-8316,  1-4412,  [a]D  -  18-11°,  values  in 
very  close  agreement  with  those  observed  by  Kishner. 


*  Annalen,  1919,  417,  293. 

f  Godlewski,  J.  Buss.  Phys.  Chem.  Soc.  1905,  37,  459. 
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By  the  catalytic  hydrogenation  of  a-fenchene  (I)  by  the  Sabatier- 
Senderens  method,  Zelinski*  prepared  a  saturated  hydrocarbon, 
C10H18,  to  which  he  gave  the  name  fenchane  and  which  he 
represented  by  (II),  since  it  gave  on  oxidation  cis-a,])ocamphoric 
acid  (III). 
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In  191 1  Wolff f  an(i  Kishnerf  prepared  from  fenchonehydrazone 
(IV)  an  isomeric  hydrocarbon  (V)  having  completely  different 
properties.  Following  the  analogy  of  the  nomenclature  adopted 
in  the  camphane  series,  this  hydrocarbon  was  designated 
fenchane,  whilst  for  Zelinski's  hydrocarbon  the  name  isobornylane 
was  adopted. 


yCl 
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^oBornylane  has  been  studied  by  Nametkin,§  who  has  shown 
that  it  can  be  prepared  also  by  the  catalytic  hydrogenation  of 
fenchone  (VI)  using  the  Sabatier-Senderens  method.  This  re- 
duction involves  a  Wagner  rearrangement. 

Ipatiev||  has  also  prepared  isobornylane  from  fenchone  by 
reducing  the  latter  with  a  mixed  nickel  oxide -aluminium  oxide 
catalyst  at  a  temperature  of  240°  and  a  pressure  of  110  atmo- 


*      Russ.  Phys.  Chem.  Soc.  1904,  36,  770. 
J  J.  Russ.  Phys.  Chem.  Soc.  1911,  43,  582. 
§  Ibid.  1915,  47,  1590;  Annalen,  1924,  440,  60. 
II  Ber.  1912,  45,  328. 


f  Annalen,  1911,  394,  97. 
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spheres,  whilst  Zelinski  and  Lewina*  have  shown  it  to  be 
formed  when  ci/cZofenchene  (p.  451)  is  distilled  over  platinum 
black  in  a  current  of  hydrogen  at  155-160°. 


H0C- 


H,C 


-CH 
CH2 
•C— 


CH3 
(VI) 
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CHS 
CH5 


CO 


20c 


isoBornylane  is  an  oil,  b.p.  163-5-164-5°/753  mm.,  d™°  0-8317, 
1-4459.  The  pure  dextro-  and  laevo-rotatory  forms  have  not 
been  described,  the  hydrocarbon  prepared  by  Zelinski  being 
laevorotatory,  [a]D  —  8-16°,  whilst  Ipatiev  gives  the  value 
[a]D  -  19-83°. 

When  ^obornylane  is  heated  with  dilute  nitric  acid  (d  =  1-075) 
at  130-135°  it  behaves  differently  from  fenchane  (compare  p.  433) 
and  yields,  as  the  main  product  of  the  reaction,  a  tertiary  nitro- 


derivative,  b.p.  112-113°/12  mm.,  1-0575,  n%  1-4813,  to- 
gether with  cis-a^ocamphoric  acid  and  a  second  nitro-derivative, 
which  is  described  below. 

The  formation  of  a  tertiary  nitro-derivative  is  direct  evidence 
of  the  presence  in  ^obornylane  of  the  grouping  — CH .  CH3 ,  and 
there  can  be  no  doubt  that  this  substance  is  represented  by 
(VII).  On  reduction  it  yields  the  corresponding  amine  (VIII), 
b.p.  199-199-5°/756mm.,  d2f  0-9171,  n™°  1-480,  and  from  this, 
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*  Annalen,  1929,  476,  63. 
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by  the  action  of  nitrous  acid,  the  alcohol,  isobornylol*  (IX),  m.p. 
46-48°,  can  be  prepared.  This  alcohol  is  probably  a  stereoiso- 
meride  of  the  alcohol  prepared  by  Komppa  and  Roschierf  from 
a-fenchocamphorone  (X),  which  they  found  to  give  dl-a-fenchene 
on  distillation  at  the  ordinary  pressure  (compare  p.  445). 
According  to  Nametkin  ^obornylol  on  dehydration  gives  a 
hydrocarbon,  b.p.  153-155°/749  mm.,  d\T  0-8628,  n™"  1-4695, 
values  in  fairly  good  agreement  with  those  found  for  dl-a- 
fenchene.  On  reduction,  however,  it  is  stated  not  to  give  iso- 
bornylane,  but  a  hydrocarbon,  b.p.  160-161°/753mm.,  ^fo-8541, 

1-4567.  The  evidence  that  Nametkin's  hydrocarbon  was  not 
identical  with  dZ-a-fenchene  does  not  appear  to  be  conclusive, 
and  a  further  study  of  its  reactions  would  appear  to  be  desirable, 
the  more  especially  so,  since  in  the  analogous  case  of  camphene 
hydrate  and  methylcamphenilol,  dehydration  yields  in  each 
case  camphene  (compare  p.  259). 

The  second  nitroisobomylane  (XI),  b.p.  89-90°/l-2  mm., 
dlo  1-0466,  7i£  1-4805,  to  which  reference  was  made  above, 
contains  a  secondary  nitro  group,  since  on  oxidation  it  yields  a 
ketone,  isobornylone  (XII),  b.p.  197-5-198°/762  mm.,  d™°  0-9681, 

1-494,  semicarbazone,  m.p.  174-175°,  and  c^-apocamphoric 
acid.  Interest  attaches  to  the  preparation  of  this  ketone,  since 
it  has  the  constitution  at  one  time  considered  to  be  that  of 
fenchone  (compare  p.  462). 


H2C- 


CH  CH.NO, 


HaC.C. 


Ha6 


■CH  C 

(XI) 


 CH  CO 

H3C .  C .  CHa 

 CH  —  C] 
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THE  FENCHENES 

Although  Bouchardat  and  Tardy}  have  reported  the  isolation 
from  the  oil  of  Eucalyptus  globulus  of  a  terpene  yielding  on 
treatment  with  benzoic  acid  fenchyl  alcohol,  it  is  extremely 

*  This  name  is  retained  although  it  would  be  more  correctly  designated  methyl- 
a-fenchocamphorol. 

f  Ann.  Acad.  Sci.  Fennicae,  1916  [A],  10  [iii],  3. 
%  Compt.  rend.  1895,  120,  1418. 
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doubtful  if  fenchene  is  actually  present  in  this  oil,  since,  as  has 
been  mentioned  on  p.  139,  both  a-  and  /?-pinene  give  this  alcohol 
on  hydration. 

During  his  early  experiments  with  the  ketone,  fenchone, 
Wallach*  reduced  it  to  the  corresponding  alcohol,  fenchyl 
alcohol,  and  prepared  from  this,  by  the  action  of  phosphorus 
pentachloride,  a  chloride,  which  gave  on  removal  of  hydrogen 
chloride  with  aniline  an  optically  inactive  hydrocarbon,  C10H16 , 
b.p.  158-160°,  to  which  the  name  fenchene  was  given.  This 
hydrocarbon  gave  on  oxidation  with  potassium  permanganate 
an  acid,  C10H16O3,  which  melted  at  137-138°.  The  reactions  of 
the  hydrocarbon  were  discussed  in  a  further  series  of  communi- 
cations! and  the  boiling-point  was  found  to  be  somewhat  lower, 
154-156°.  A  more  thorough  investigation  of  its  oxidation 
products  showed  the  main  product  to  be  a  hydroxy  acid, 
C10H16O3,  m.p.  152-153°,  which  was  evidently  an  a-hydroxy 
acid,  since  it  gave  with  potassium  permanganate  in  acid  solution 
a  ketone,  fenchoca?nphorone,  C9H140.  The  constitution  of  the 
latter  was  established  by  its  oxidation  with  nitric  acid  to 
a,j)ocamphoric  acid  (IV).  Wallach  concluded  from  these  experi- 
ments that  fenchene  must  be  represented  by  (I),  the  hydroxy 
acid,  m.p.  152-153°,  being  (II)  and  fenchocamphorone  (III). 
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It  is  obvious  that  the  reactions  outlined  above  would  be  more 
simply  explained  if  fenchene  had  formula  (V),  but  at  the  time 
of  these  experiments  it  was  considered  improbable  that  hydro- 
carbons with  an  exocyclic  ethylenic  linkage  were  capable  of 


*  Annalen,  1891,  263,  129. 

t  Ibid.  1894,  284,  331   1898,  300,  294,  319. 
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existence  and,  as  mentioned  on  p.  163,  Baeyer  regarded  nopinic 
acid  as  an  oxidation  product  of  a-pinene.  Later  Wallach* 
adopted  formula  (V)  for  fenchene. 

In  1898  Gardner  and  Cockburn,f  who  were  also  engaged  in 
a  study  of  the  reactions  of  d-fenchone,  prepared  a  fenchene, 
b.p.  152-154°,  which,  like  Wallach's  hydrocarbon,  gave  on 
oxidation  with  nitric  acid  apocamphoric  acid,  but  differed  from 
it  in  being  optically  active,  [a]D  —  6-46°. 

A  renewed  study  of  the  fenchyl  chlorides  by  Wallach  J  showed 
that  the  optical  rotatory  powers  of  these  differed  very  consider- 
ably and  depended  upon  the  conditions  used  in  their  prepara- 
tion. Thus  Z-fenchyl  alcohol  (from  d-fenehone)  could  yield  both 
dextro-  and  Zaew-rotatory  fenchyl  chlorides.  These  in  their  turn 
gave  rise  to  different  fenchenes,  which  appeared  to  be  structural 
isomerides,  since  on  oxidation  they  gave  rise  to  different  fencho- 
camphorones.  The  possibility  of  the  existence  of  a  second 
fenchene  was  supported  by  the  experiments  of  Bertram  and 
Helle§  who,  by  the  hydration  of  a  Zaevorotatory  fenchene  (from 
fenchyl  chloride),  prepared  a  new  alcohol,  ^sofenchyl  alcohol, 
which  was  also  Zaeyorotatory,  but  which  gave  on  dehydration 
with  zinc  chloride  in  benzene  solution  a  cfeZrorotatory  fenchene, 
b.p.  155-156°,  yielding  on  oxidation  a  hydroxy  acid  and  a  ketone 
differing  from  those  described  by  Wallach.  In  the  same  year  a 
third  fenchene  was  obtained  by  Tschugaev||  by  the  distillation 
of  methyl  fenchylxanthate. 

At  this  time  Wallach  held  the  view  that  the  variations  in  the 
optical  rotatory  power  of  the  different  fenchyl  alcohols  was  due 
to  stereoisomerism  and  that  no  molecular  rearrangement  oc- 
curred during  their  formation.  This  opinion  was  not  shared  by 
Kondakov  and  Lutschinin,1I  who  considered  that  secondary 
alcohols  on  treatment  with  halogen  acids  (or  phosphorus  penta- 
chloride)  gave  tertiary  chlorides.  They  regarded  fenchyl  chloride 
as  a  mixture  of  tertiary  chlorides  for  which,  on  the  basis  of 
Wallach's  formula  (VI)  for  fenchyl  alcohol,  formulae  (VII), 

*  Annalen,  1901,  315,  273. 

t  J.C.8.  1897,  71,  1156;  1898,  73,  275. 

%  Annalen,  1898,  302,  371. 

§  J.  pr.  Chem.  1900  [ii],  61,  293. 

||  Chem.  Ztg.  1900,  24,  542. 

H  J.  pr.  Chem.  1899  [ii],  60,  257;  1900  [ii],  62,  1;  1902  [ii],  65,  201. 
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(VIII)  and  (IX)  were  possible.  Elimination  of  hydrogen  chloride 
might  therefore  be  expected  to  yield  a  number  of  isomeric 
fenchenes. 
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The  position  was  radically  changed  by  the  replacement  of 
Wallach's  formula  for  fenchone  by  that  of  Semmler  (X)  (com- 
pare p.  463),  since,  even  if  it  were  assumed  that  fenchyl  chloride 
had  formula  (XI),  a  molecular  rearrangement  must  occur  in  the 
formation  of  Wallach's  fenchene  (V). 
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The  difference  in  properties  between  Wallach's  fenchene  and 
that  prepared  by  Bertram  and  Helle  from  ^ofenchyl  alcohol 
(XII)  was  also  accounted  for,  the  latter  hydrocarbon  being 
probably  represented  by  (XIII),  although,  as  Wallach  and 
Virck*  have  pointed  out,  this  hydrocarbon  was  probably  not 
homogeneous. 


*  Annalen,  1908,  362,  193. 
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More  recently  the  chemistry  of  the  fenchenes  has  been  very 
thoroughly  investigated,  especially  by  Komppa,  Aschan  and 
Qvist.  These  researches  have  shown  that  it  is  possible  to  prepare 
from  fenchone  four  isomeric  dicyclic  hydrocarbons  and  a  tricyclic 
hydrocarbon.  Before  proceeding  to  consider  the  chemistry  of 
these,  it  is  desirable  to  discuss  their  nomenclature. 

In  order  to  distinguish  between  the  various  optically  active 
fenchenes  Wallach*  had  introduced  a  somewhat  cumbrous 
nomenclature,  using  a  capital  D-  or  L-  to  denote  the  relationship 
to  d-  or  Z-fenchones,  a  small  d-  or  I-  being  used  to  denote  the 
direction  of  their  optical  rotatory  power.  Thus  the  hydrocarbon 
represented  by  (V),  when  derived  from  ^-fenchone,  was  laevo- 
rotatory  and  was  hence  known  as  D-Z-fenchene,  whilst  Bertram 
and  Helle's  hydrocarbon  (XIII)  was  D-d-fenchene.  This  nomen- 
clature has  now  been  replaced  by  the  following  suggested  by 
Komppa,  f  which  will  be  used  in  the  sequel. 


I.  a-Fenchene  (XIV)  (Wallach'sD-Z-fencheneorL-^-fenchene), 
corresponding  to  a-fenchocamphorone  (XV)  and  hydroxy-a- 
fenchenic  acid  (XVI). 
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II.  fi-Fenchene  (XVII)  (Wallach's  D-d-fenchene  or  L-d- 
fenchene),  corresponding  to  p-fenchocamphorone  (XVIII)  and 
hydroxy- /3-fenchenic  acid  (XIX). 
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*  Annalen,  1898,  302,  374. 

f  Compare  Komppa  and  Roschier,  Annalen,  1929,  470,  129. 
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III.  y-Fenchene  (XX). 
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IV.  S-Fenchene  (XXI). 
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V.  Cyclofenchene  (Aschan's  /?-pinolene)  (XXII). 
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There  are  three  general  methods  available  for  the  preparation 
of  the  fenchenes :  (i)  direct  dehydration  of  fenchyl  and  ^sofenchyl 
alcohols,  (ii)  distillation  of  methyl  fenchyl  and  isofenchyl- 
xanthates  and  (hi)  ehmination  of  hydrogen  chloride  from  fenchyl 
and  isofenchyl  chlorides.  Inspection  of  the  formulae  of  the  two 
alcohols  (XXIII)  and  (XXIV)  shows  that,  assuming  no  molecular 
rearrangement  to  occur,  fenchyl  alcohol  should  yield  cyclo- 
fenchene (XXII),  whilst  ^<sofenchyl  alcohol  can  yield  a  mixture 
of  this  hydrocarbon  and  S-fenchene  (XXI);  the  same  hydro- 
carbons should  result  also  from  the  xanthates  and  the  chlorides, 
assuming  the  latter  to  be  homogeneous,  which  is  undoubtedly 
not  the  case. 

Investigation  has,  however,  shown  that  in  no  case  does  the 
reaction  proceed  smoothly  and  unaccompanied  by  molecular 
rearrangement,  a  mixture  of  hydrocarbons  being  obtained  in 
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which  one  or  the  other  may  predominate.  It  is  therefore  im- 
probable that  any  of  the  fenchenes,  with  the  exception  of  cyclo- 
fenchene,  have  been  obtained  in  a  state  of  purity.  The  account  of 
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the  chemistry  of  the  fenchenes  given  below,  unless  other  re- 
ferences are  quoted,  has  been  summarised  from  the  investiga- 
tions of  Wallach,*  Aschan,f  Komppa  and  Hintikka,J  Komppa 
and  Roschier,§  Qvist||  and  Ruzicka  and  Liebl.H 

a-FENCHENE 
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 CH  CH2 
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a-Fenchene,  of  which  both  the  dextro-  and  laevo-rotatory  forms 
are  known,  was  probably  the  hydrocarbon  originally  prepared 
by  Wallach**  by  the  action  of  aniline  on  fenchyl  chloride.  As  has 
been  shown  by  Qvist,  the  yield  of  hydrocarbon  when  hydrogen 
chloride  is  eliminated  from  fenchyl  chloride,  either  by  the  action 
of  aniline  or  o-toluidine,  is  very  poor,  better  results  being  obtained 

*  Annalen,  1908,  362,  186. 
f  Ber.  1907,  40,  2750;  Annalen,  1912,  387,  1. 
%  Ber.  1914,  47,  936. 
§  Annalen,  1929,  470,  129. 
||  Ibid.  1918,  417,  278. 
H  Helv.  Chim.  Acta,  1923,  6,  267. 
**  Annalen,  1891,  263,  129. 
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by  the  dehydration  of  fenchyl  alcohol*  with  potassium  hydrogen 
sulphate,  when  a  mixture  of  a-,  j8-  and  S-fenchenes,  together  with 
cycZofenchene,  is  obtained.  a-Fenchene  can  be  most  conveniently 
prepared  in  quantity  either  by  the  distillation  of  methyl-a- 
fenchylxanthate  or  by  the  action  of  nitrous  acid  on  fenchyl- 
amine. 

When  prepared  from  Z-fenchylamine,  Z-a-fenchene  has  b.p. 
156-157°,  d19°  0-869,  n1^  1-4724,  [a]D  -  32-12°,  whilst  for  the 
dextrorotatory  hydrocarbon  from  e^fenchylamine,  [a]D  +  29° 
has  been  observed.  The  hydrocarbon  prepared  from  either 
fenchyl  chloride  or  fenchyl  alcohol  has  as  a  rule  a  lower  rotatory 
power.  It  can  readily  be  identified  by  the  preparation  of  the 
crystalline  dibromide,  the  d-  and  Z-forms  of  which  melt  at  87-88°, 
[a]D+  42-83°  (in  ethyl  acetate),  and  the  dl-  has  m.p.  62°. 

The  constitution  of  a-fenchene  has  been  conclusively  proved 
by  an  investigation  of  its  degradation  products  and  also  by  a 
complete  synthesis  of  these  and  of  a-fenchene  itself  by  Komppa 
and  his  collaborators.  As  has  already  been  mentioned,  Wallach 
in  his  early  experiments  investigated  the  oxidation  of  l-a- 
fenchene  (XXV)  and  showed  that  with  potassium  permanganate 
it  gave  a  hydroxy  acid,  l-hydroxy-a-fenchenic  acid  (XXVI)  (d- 
and  Z-forms,  m.p.  153-154°),  from  which  by  the  action  of  lead 
peroxide  in  the  presence  of  sulphuric  acid  (or  acid  potassium 
permanganate)  l-a-fenchocamphorone  (XXVII),  d-  and  Z-forms, 
m.p.  109-110°,  b.p.  202°,  semicarbazone,  m.p.  220-221°,  was 
obtained.  This  ketone  gave  on  oxidation  with  nitric  acid  cis- 
B^ocamphoric  acid  (XXVIII). 

This  formula  for  a-fenchene  was  confirmed  by  Komppa  and 
Roschier  who  showed  that  on  ozonolysis  a-fenchocamphorone 
(XXVII)  was  obtained,  the  ketone  being,  however,  accompanied 
by  a  saturated  acid,  C10H16O2  (XXIX),  the  proof  of  the  con- 
stitution of  which,  and  the  mechanism  of  its  formation,  will  be 
discussed  below. 

In  1901  Komppa f  described  a  synthesis  of  cis-  and  trans- 
a^ocamphoric  acids  (XXVIII)  and  this  synthesis  was  subse- 

*  Crystalline  d-  or  Z-oc-fenchyl  alcohol  (compare  p.  454)  appears  to  have  been  used 
in  all  these  investigations.  The  dehydration  of  j3-fenchyl  alcohol  does  not  appear  to 
have  been  investigated. 

f  Ber.  1901,  34,  2472;  Annalen,  1909,  368,  126. 
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quently  extended  to  a  synthesis  of  c^-a-fenchocamphorone 
(XXVII)*  and  finally  to  dZ-a-fenchene  (XXV). f  These  syntheses 
are  outlined  in  the  scheme  set  out  below  and  do  not  require 
comment. 


H,c- 


CH  CH, 


H2C- 


CH  CIL 


CH  CH5 


H,C.C. 


CH, 


K]VIn04 


H3C .  C .  CHa 

I 

 CH  — 


PbO, 


V 


OH 


H,C.C. 


CH, 


H2C 


CH  i 


H2C- 


0,| 


(XXV) 


(XXVI) 


(XXVII) 


CH  CH> 


H,C.C. 


CH, 


H2C 


-CH  CH.C02H 

(XXIX) 


C02C2H5  H2C.C02C2H5 

+     HqC  .  C  .  CHq   ► 


C02C2H5 


 CH.C02C2H5 

H,C.CJ 


CH, 


HoC.COaCoH,  OC 


HN0S 


H3C.C.CH3 

 ha.  com 


(XXVIII) 


HOHC- 


C02C2H5  HOHC 


H3C .  C .  CHa 
 CH.C( 


H2C 


 ch.ch2  ; 

I       \     Na  + 

HgC.C.CHg     0  <  

I       z/  C2H5OH 

 CH.CO  H2C 

|  KCN 
i 


 CH.CO 

I  \ 
H3C.C.CH3  O 

I  / 
 CH.CO 


EL 


H3C .  C .  CH3 
 CH.CO,H 


I 

HoC .  C .  CH, 


CH.CH,.CO,H  H,C- 


KOH 


CH.COoH        *  H2C  CH.C02H 


HqC.C, 


CH, 


Distillation 


Pb  salt 


Ho 


 CH  CH2 

HgC.C.CHg 

 CH  C 


2J-L  -^2 

CH3I  +  /Mg  (XXVII) 


H2C- 


H2C 


CH  —  CH, 

I 

0 

CH  C: 


CH  CH, 


HqC.C. 


CH, 


,0H 


H2C 


 CH  CH 

I 

H3C .  C .  CHa 
 CH  C 


-CH  —  C< 

XCH3 

(XXV)  (XXX)  (XXXI) 

The  alcohol,  dl-methyl-a-fenchocamphorol  (XXX),  b.p.  86- 
87°/ 14  mm.,  on  distillation  at  the  ordinary  pressure  lost  water, 
giving  dZ-a-fenchene(XXV),b.p.  154-156°,  d\T 0- 8660,  n^°l -47045, 

*  Ber.  1911,  44,  1536. 

|  Komppa  and  Roschier,  Annal.  Acad.  Sci.  Fennicae,  1916  [A],  10  [iii],  3. 
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the  constants  of  the  synthetic  hydrocarbon  agreeing  well  with 
those  of  the  hydrocarbon  prepared  from  ?-fenchylamine  (p.  444). 
The  elimination  of  water  from  the  alcohol  can  theoretically  result 
also  in  the  formation  of  a  hydrocarbon  having  the  structure 
(XXXI),  which  according  to  Aschan*  belonged  to  isopinene, 
which  he  prepared  from  cyclofenchene  hydrochloride.  Komppa 
and  Roschier  found,  however,  that  this  formula  could  not  re- 
present c^-a-fenchene,  since  it  gave  on  ozonolysis  dl-a-iencho- 
camphorone  and  (^-a-fenchenylanic  acid  (XXIX).  They  showed 
also  Aschan's  isopinene  to  be  identical  with  d£-a-fenchene,  both 
hydrocarbons  giving  the  same  products  on  oxidation,  whilst  on 
treatment  with  hydrogen  chloride  they  both  yield  31-a-fenchene 
hydrochloride  (XXXII),  m.p.  35-37°,  b.p.  81°/12  mm.  It  would 
appear  to  be  not  improbable  that  cycloi enchene  hydrochloride, 
m.p.  26-29°,  is  stereoisomeric  with  this.f 

H2C  CH  CH2  +HC1  H2C  CH  CH,  H2C  CH  CH, 


HoC .  C .  CH* 


-  HC1 

H2C —  CH  C  :  CH2 


H3C .  C .  CH3 


+  HC1  I  H3C.C.CH3 
CI  <  


^CHa 

(XXV)  (XXXII) 


CH 


CH3 
(XXII) 

It  was  mentioned  above  that  on  ozonolysis  a-f enchene  gave, 
in  addition  to  a-fenchocamphorone,  a  saturated  acid,  a-fen- 
chenylanic  acid  (XXIX),  d-form,  m.p.  71-72°,  dl-,  m.p.  104-105°. 
The  constitution  of  this  acid  has  been  proved  by  its  synthesis 
from  a-fenchocamphorone  (XXVII)  by  the  reactions  set  out 
on  p.  447.  Komppa  and  Roschier  J  suggest  that  it  is  formed  from 
a-fenchene  ozonide  (XXXIII)  by  a  somewhat  remarkable  re- 
arrangement. 

Oxidation  of  a-fenchene  with  chromic  acid  has  been  shown  by 
Treibs  and  Schmidt  §  to  yield  a  mixture  of  ct-fenchocamphorone, 
a-fenchenylanaldehyde  and  a-fenchenylanic  acid.  It  is  of  in- 

*  Of  vers.  Finsha  Vet.-Soc.  1908-1909  [A],  51,  No.  9,  10. 

f  The  hydrocarbon,  oL-pinolene,  obtained  by  Aschan  by  the  action  of  alkali  on  the 
liquid  hydrochlorides  prepared  by  the  action  of  hydrogen  chloride  on  pinene,  is  not 
improbably  a  mixture  of  fenchenes,  since  it  gave  with  hydrogen  chloride  a-fenchene 
hydrochloride. 

%  Annal.  Acad.  Sci.  Fennicae,  1917  [A],  10  [xviii],  1. 

§  Ber.  1928,  61,  459. 
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terest  to  note  that  d-a-fenchene  dibromide  yields  on  reduction 
with  zinc  dust  in  alkaline  solution  a  mixture  of  fenchane  and 
Z-a-fenchene,  which  contain  different  carbon  skeletons,  so  that 
a  partial  Wagner  rearrangement  occurs. 


H2C  CH  CH2 


H2C 


Na 


H.C- 


CH  CO 


H,C- 


 CH  — 

H3C .  C .  CH3 

I 


CHj 


PCL 


 CH  — 

H3C .  C .  CH3 

I 


CH, 


(XXVII) 


CH  CHOH    H2C  CH  CHC1 

'  |Mg+C02 


H2C 


 CH  CH, 

H3C .  ^! .  CH3 


CH.C02H 
(XXIX) 


HjC- 


I 


 CH  CH2 

HoC .  C .  CH 


3  1  o 
I  /  1 
CH.CH 


(XXXIII) 


fi-FENCHENE 
h2c 


,CH3 

 CH  C< 

XCH3 

CH, 


H2C:C- 


I 

CH 


CH2 


cZ-j8-Fenchene  (IV)  was  first  prepared  by  Bertram  and  Helle*  by 
the  dehydration  of  l-isofenchyl  alcohol  (I),  and  shortly  afterwards 
by  Wallach  and  Neumann|  by  the  action  of  aniline  on  a  fenchyl 
chloride  prepared  by  allowing  phosphorus  pentachloride  to  act 
upon  Z-a-fenchyl  alcohol  in  light  petroleum  solution  without 
cooling.  It  is  probably  best  obtained  pure,  either  by  the  de- 
hydration of  l-a-fenchyl  alcohol  (II)  with  potassium  hydrogen 
sulphate  (Komppa  and  Roschier),  or  by  the  elimination  of 
hydrogen  chloride  from  l-isof enchyl  chloride  (III)  with  o-toluidine 
(Qvist). 

*  J.  pr.  Chem.  1900  [ii],  61,  353. 
f  Annalen,  1901,  315,  281. 
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When  prepared  by  the  latter  method  d-/3-fenchene  boils  at  150- 
153°,  dfo0  0-8591,  n^'6°  1-4645,  [a]D  +  62-91°.  It  can  be  charac- 
terised by  the  preparation  of  the  crystalline  dibromide,  m.p. 
81-82°,  or  the  nitrosochloride,  m.p.  120°. 


-CH  C 


HOHC 


CH3 
CH„ 


CH3 
(I) 


CH2 


CH3 

!  CH  C<  H^C 


\ 


\ 


H>C 


I 

CH2 
I 

■C— 


CH, 


H2C:C 


CH3 
(II) 

CH— 

^H2 

CH— 
(IV) 


CH— 
CH2 
— C  ( 


CHa 
CH, 


CH3 
(HI) 


CH3 


CH, 


On  oxidation  with  potassium  permanganate  cZ-/3-fenchene 
behaves  in  an  analogous  manner  to  a-fenchene,  yielding  a  hydroxy 
acid,  d-hydroxy-p-fenchenic  acid  (V),  m.p.  137-138°  (dl-,  m.p. 
125-126°),  from  which,  by  the  action  of  lead  peroxide  in  the 
presence  of  sulphuric  acid,  d-p-fenchocamphorone  (VI),  m.p. 
62-63°  (dl-,  m.p.  64-66°),  can  be  prepared.  This  ketone  on  oxida- 
tion with  hot  potassium  permanganate  or  nitric  acid  yields 
dbipofenchocamphoric  acid  (VII),  cis-,  m.p.  144-5-145°,  trans-, 
m.p.  147-148°. 

,CH 

H2C  CH  C^  H2C  CH 

I 


CH2 
(IV) 


CH 


CH3 
™*H0X 


XCHa 


H2C- 


CH- 


CH2 
-CH- 
(V) 


PbO, 


CH2 


OC 


CH3 
I  XCH, 


r 

 CH— 

t  (VI) 


CH, 


H02C.HC 


m2 


HN03 
CH, 


CH3 


(VII) 

The  structure  assigned  to  /3-fenchene  has  been  confirmed  by 
its  oxidation  with  ozone  to  /3-fenchocamphorone. 
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A  partial  synthesis  of  jS-fenchene  has  been  carried  out  by 
Komppa  and  Roschier*  on  the  lines  of  their  synthesis  of  a- 
fenchene  (compare  p.  445).  By  the  action  of  magnesium  methyl 
iodide  on  /?-fenchocamphorone  they  prepared  methyl- fi-fencho- 
camphorol  (VIII),  m.p.  86-87°,  which  on  dehydration  with 
potassium  hydrogen  sulphate  gave  a  mixture  of  /S-fenchene  (IV) 
and  y-fenchene  (IX). 

,CH3 

H>C  CH  C< 

I  XCH3 
CH2 

 CH  CHjs 

(VIII)  |  KHS04 


I 

-CH- 

kn2 


-CH 
(IX) 


CH3 
CH, 


CH, 


/?-Fenchocamphorone  has  not  been  synthesised,  but  Shortf 
has  prepared  a^ofenchocamphoric  acid  synthetically  by  the  con- 
densation of  ethyl  disodiopropane-aa'yy'-tetraearboxylate  (X) 
with  tsobutylene  dibromide  (XI). 


(H5C202C)2C.Na 

CH, 

I 

(H5C202C)2C.Na 
(X) 


/CH£ 
Br.C< 

^CH, 


H02C.CH 
CH2 

H02C.CH  CH2 

(VII) 


CHa 
CH, 


Br.CH2 
(XI) 

The  action  of  hydrogen  chloride  on  /?-fenchene  does  not  appear 
to  have  been  investigated;  on  hydration  it  yields  ^ofenchyl 
alcohol. 


y-FENCHENE 


HC- 


HaC.C- 


-CH 
CH2 


CH, 


CH, 


y-Fenchene  has  not  been  obtained  pure,  but  it  forms  the 
main  constituent  of  the  hydrocarbon  fraction,  b.p.  145-147°, 

*  Ann.  Acad.  Sci.  Fennicae,  1917  [A],  15  [x],  1.         f  J-C.S.  1927,  p.  961. 
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dfo°  0-8547,  n2£  1-46072,  which  is  obtained  when  a-fenchyl 
alcohol  is  dehydrated  with  potassium  hydrogen  sulphate.  This 
was  shown  by  the  fact  that,  on  ozonolysis,  the  main  products 
were  (i)  an  aldehyde,  C10H16O2  (II),  disemicarbazone,  m.p.  219°, 
and  (ii)  a  ketonic  acid,  C10H16O3  (III),  semicarbazone,  m.p.  220- 
221°.  The  constitution  of  the  latter  was  established  by  its  oxida- 
tion with  sodium  hypobromite  to  tv^m>-d^ofenchocamphoric  acid 
(IV). 


HC- 


H,C.C 


CH- 

CH2 

-CH- 
(I) 


OHC.CH  q/ 


CH9 


CH, 


H02C.CH 
CH, 
H02C.CH 
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^CHa 
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(II) 
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\ 

H02C.CH— 
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xCHa 


-CH2 


\CH3 


NaOBr 

 CH2  <   H,C.OC.CH- 


-CH, 


(IV) 


(III) 


Whilst  the  isolation  of  these  products  leaves  no  doubt  as  to 
the  constitution  of  the  hydrocarbon  which  was  oxidised,  it  was 
not  homogeneous,  since,  when  the  crude  aldehyde  (II)  was 
oxidised  with  silver  oxide,  it  gave,  in  addition  to  the  ketonic 
acid  (III),  cis-isofenchocamphoric  acid  (VII),  which  could  only 
have  resulted  from  the  degradation  of  S-fenchene  (V),  the  pri- 
mary oxidation  product  of  which  would  be  the  dialdehyde  (VI). 


HC- 


HC 


-CH- 
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^CH„ 
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OHC.CH 

— ►  CH2 
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OHC.C- 
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CH, 


/CH, 
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No  crystalline  derivatives  of  y-fenchene  have  been  described. 
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S-FENGHENE 


HC 


HC- 


-CH- 
CH2 
-C— 


CH, 


^CHa 
\CH3 

CH2 


S-Fenchene,  known  also  as  fenchylene*  and  ^ofenchylene 
(Qvist),  has  not  been  prepared  pure  and  free  from  q/cfofenchene. 
It  is  present  in  the  lowest  boiling  hydrocarbon  fraction,  which 
is  obtained,  (i)  when  a-fenchyl  alcohol  is  dehydrated  with 
potassium  hydrogen  sulphate,  or  (ii)  by  the  distillation  of 
^ofenchylxanthate.  According  to  Nametkin  the  hydrocarbon 
derivedfromtheZ-xanthateboilsatl39-1407762mm.,^o0°0-8381j 
n2p  1-4494,  [a]D  —  68-76°  (in  alcohol).  It  can  be  characterised 
by  the  preparation  of  a  nitrosocJiloride,  m.p.  142°,  and  a  nitrosate, 
m.p.  163°. 

The  constitution  of  the  hydrocarbon  (I)  follows  from  the  fact 
that,  on  oxidation  with  potassium  permanganate,  it  yields  cis- 
isofenchocamphoric  acid  (II). 


HC 


HC 


CH- 

I 

CH2 
■C — 


CH3 
CHa 


KMn04 


CH, 


CH, 


H02C.C 


CH3 

XCH, 


CH2 


CH, 
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CH3 
(II) 
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CH- 
I 


^/CH3 
N)Ha 


-CH 


C 

CH3 

C^/cfofenchene  (/?-pinolene)  was  first  separated  by  Aschan  in 
1911  from  the  mixture  of  hydrocarbons  which  is  obtained  when 

*  Nametkin,  J.  pr.  Chem.  1923  [ii],  106,  26. 
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the  liquid  hydrochlorides  resulting  from  the  action  of  hydrogen 
chloride  on  pinene  are  treated  with  alkali.  It  has  since  been 
shown  to  be  present  also  in  the  lowest  boiling  fractions  of  the 
mixture  of  fenchenes  prepared  by  any  of  the  general  methods 
given  on  p.  442.  The  simplest  method  for  its  preparation  consists, 
however,  in  treating  d-fenchonehydrazone  with  mercuric  oxide 
in  the  presence  of  alkali*  (compare  p.  472).  0?/cZofenchene  can 
readily  be  obtained  pure,  since  it  is  only  very  slowly  attacked  by 
potassium  permanganate,  and  it  can  thus  be  freed  from  un- 
saturated hydrocarbons  by  shaking  with  this  reagent  at  60-80° 
for  some  hours. 

When  prepared  from  Z-fenchyl  alcohol  the  hydrocarbon  is 
slightly  Zaevorotatory  ([a]D  —  1-77°);  for  the  carefully  purified 
terpene  Ostlingf  gives  the  following  constants:  b.p.  143- 
143-5°/748  mm.,  d\T^  0-8624,  n1*'2*  1-45370,  and  values  in  close 
accord  with  these  have  been  obtained  by  other  investigators. 

By  the  distillation  of  q/cZofenchene  over  platinum  black  in  a 
current  of  hydrogen  at  155-166°  Zelinski  and  LewinaJ  have 
obtained  ^obornylane  (p.  436),  whilst,  when  passed  over  the 
same  catalyst  in  a  current  of  carbon  dioxide  at  300°,  ring  fission 
occurs  also  with  the  formation  of  a  mixture  of  a-  and  /3-fenchenes. 

On  treatment  with  bromine  c^/cZofenchene  yields  a-fenchene 
dibromide,  m.p.  86-87°,  whilst  with  hydrogen  chloride  it  gives 
a  somewhat  unstable  hydrochloride,  m.p.  26-29°,  which  is 
possibly  stereoisomeric  with  cZZ-a-fenchene  hydrochloride,  m.p. 
35-37°  (compare  p.  446).  By  the  hydration  of  ci/cZofenchene 
^ofenchyl  alcohol  is  obtained. 


B.  ALCOHOLS 
FENCHYL  ALCOHOL 

^CH3 


CH- 

I 


CH2 
I 

C— 


-CHOH 


CH3 

The  occurrence  in  nature  of  fenchyl  alcohol  has  not  been 
definitely  proved,  although  Schimmel  and  Co.  §  have  reported  its 


*  G.P.  353933. 

t  Annalen,  1929,  476,  63. 


t  J.C.S.  1912, 101,  472. 

§  Schimmel' 's  Report,  1910,  April. 
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isolation  from  an  oil  obtained  from  old  roots  of  Finns  palustris. 
The  dextro-  and  laevo -rotatory  forms  were  prepared  by  Wallach* 
by  the  reduction  of  d-  and  Z-fenchones  (I)  with  sodium  and 
alcoholf ,  when  the  dextrorotatory  ketone  yields  a  Zaevorotatory 
alcohol,  change  of  sign  occurring. 


H,C 


CH 

CH, 


I  XCH3 
-CO 


CH3 
(I) 


CH 

I 

CH2 
I 

C- 


/CH3 
X!H„ 


\ 


CHa 


H,C- 


OH 


-CH  C< 

U-tL> 


CH3 
(II  a) 


H2C 


 C  v/ 


H 


CH3 
(II  b) 


OH 


It  was  recognised  that  fenchone,  like  camphor,  should  on 
reduction  give  two  stereoisomeric  alcohols  (II  a)  and  (II  b) 
corresponding  to  borneol  and  ^soborneol,  and  it  was  actually 
observed  that  the  alcohol  obtained  by  the  reduction  of  fenchone 
was  not  homogeneous,  since  Bertram  and  Helle{  found  it  con- 
venient to  purify  it  through  its  crystalline  hydrogen  phthalate. 
The  separation  of  the  two  alcohols,  l-a-fenchyl  alcohol  and  1-/3- 
fenchyl  alcohol,  prepared  by  the  reduction  of  cZ-fenchone  was 
effected  by  Kenyon  and  Priston.§  Z-a-Fenchyl  alcohol  was 
readily  obtained  pure  by  the  hydrolysis  of  its  sparingly  soluble 
hydrogen  phthalate,  the  isomeric  Z-/3-fenchyl  alcohol,  the  hydrogen 
phthalate  of  which  was  readily  soluble,  was  purified  by  crys- 
tallisation of  its  ip-nitrobenzoate.  The  constants  of  the  two  alcohols 
are  set  out  in  the  table  given  on  p.  454,  and  it  is  interesting  to 
note  that,  whereas  eZ-camphor  gives  on  reduction  d-borneol  and 
Z-^oborneol,  the  two  alcohols  derived  from  cZ-fenchone  are 
laevorotdbtory.  \\ 

*  Annalen,  1891,  263,  143;  1893,  272,  104. 

t  Compare  Gardner  and  Cockburn,  J.C.S.  1898,  73,  276. 

t  J.  pr.  Chem.  1900  [ii],  61,  294. 

§  J.C.S.  1925,  125,  1472. 

||  Kondakov  (Chem.  Listy,  1929,  23,  49)  has  suggested  on  somewhat  slender 
evidence  that  Kenyon  and  Priston's  alcohols  were  impure. 
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Only  the  a-f orm  of  d-fenchyl  alcohol  has  been  described,  having 
been  prepared  by  the  reduction  of  Z-fenchone  and  also  from  oil 
of  turpentine  (see  below).  It  is  stated  to  melt  at  40-41°,  b.p. 


Z-a-Fenchyl  alcohol0 
hydrogen  phthalate 
p-nitrobenzoate 

Z-jS-Fenchyl  alcohol 
hydrogen  phthalate 
p-nitrobenzoate 


M.P. 

47° 
146° 
108-109° 

3-4° 
153° 
82-83° 


B.P. 

94°/20  mm. 


,20° 
0-9641 


91°/18  mm.  0-9605 


[aL461 

-  1504° 
+  27°° 

-  19-6°b 

-  27-97° 
+  13-3°a 
+  13-5°b 


(°  in  alcohol  5  %  solution) 


(b  in  benzene  5  %  solution) 


201°/760  mm.,  [a]D  +  10-36°  (in  alcohol),  and  it  has  probably  not 
been  obtained  quite  free  from  the  /Msomeride.  dl-a-¥enchjl 
alcohol  melts  according  to  Wallach  at  33-35°.* 

The  constitution  of  the  fenchyl  alcohols  is  proved  by  their 
conversion  on  oxidation  with  chromic  acid  into  fenchone, 
Kenyon  and  Priston  observing  that  the  c£-fenchone  obtained  by 
the  oxidation  of  both  l-a-  and  Z-/?-fenchyl  alcohols  had  the  same 
rotatory  power  as  the  c£-fenchone  from  which  they  were  pre- 
pared. It  appears  probable  that  a -fenchyl  alcohol  corresponds  to 
borneol. 

Whilst  fenchone  can  be  most  conveniently  reduced  to  fenchyl 
alcohol  by  the  use  of  sodium  and  amyl  alcohol,  the  reduction  has 
also  been  found  to  occur  when  the  ketone  is  treated  with  ethyl 
magnesium  iodide f  or  propyl  magnesium  iodide. t  Ipatiev§  has 
shown  catalytic  hydrogenation  to  be  possible,  using  a  nickel 
oxide  catalyst  at  240°  and  a  pressure  of  110  atmospheres. 

In  addition  to  its  preparation  by  the  reduction  of  Z-fenchone. 
eZ-ct-fenchyl  alcohol  has  been  obtained  by  the  hydration  of 
laevorotditorj  oil  of  turpentine.  The  formation  of  this  alcohol 
from  pinene  was  first  observed  by  Bouchardat  and  Lafont||  to 
occur  when  the  hydration  was  effected  with  concentrated 
sulphuric  acid,  but  later  the  same  investigators  showed  that  a 

*  Annalen,  1893,  272,  107. 

t  Konovalov,  Miller  and  Timtschenko,  J.  Buss.  Phys.  Chem.  Soc.  1906,  38,  44S. 

t  Leroide,  Ann.  chim.  1921  [ix],  16,  364. 

§  Ber.  1912,  45,  3208. 

||  Compt.  rend.  1887,  105,  1177;  1897,  125,  111. 
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mixture  of  acetic  and  sulphuric  acids  could  also  be  used.*  As  is 
mentioned  elsewhere,  this  reaction  involves  a  Wagner  rearrange- 
ment. 


CH- 
CH2 


HC 


CH, 
CHa 


CH 


H,C 


CH3 
(III) 


.CH— <CH3 

CH        I  C1t- 

•C  

CH3 
(II) 


CH  c/ 


-CHOH 


CH, 


CH£ 
CH, 


-CH 


(IV) 


There  has  been  considerable  controversy!  as  to  whether  both 
a-  and  j8-pinenes  (III)  and  (IV)  can  yield  fenchyl  alcohol,  but 
the  more  recent  experiments  of  DelepineJ  have  shown  conclu- 
sively that  it  can  be  prepared  from  either.  For  the  hydration  of 
pinene  to  fenchyl  alcohol  the  use  of  various  organic  acids  has 
been  suggested. §  The  formation  of  fenchyl  alcohol  from 
j8-pinene  has  also  been  observed  to  occur,  when  the  hydrocarbon 
is  oxidised  with  hydrogen  peroxide  in  acetic  acid  solution. || 

The  more  important  derivatives  of  fenchyl  alcohol  suitable 
for  its  identification  have  already  been  referred  to,  and  mention 
need  only  be  made  of  \-a-fenchylphenylur  ethane,  m.p.  82-82-5°, 
the  dl-iorm  of  which  melts  at  88°. 

The  reduction  of  fenchyl  alcohol  with  hydriodic  acid  and  red 
phosphorus  at  210-215°  yields  a  hydrocarbon,  C10H20,  the  con- 
stitution of  which  has  not  been  determined,  but  it  is  apparently 
identical  with  that  obtained  by  the  reduction  of  d-fenchone 
under  similar  conditions. If  On  oxidation  with  either  chromic 
acid  or  nitric  acid  fenchyl  alcohol  yields  fenchone,  the  ketone 
being  also  formed  when  the  alcohol  is  distilled  over  copper.** 

The  replacement  of  the  hydroxyl  group  in  a-fenchyl  alcohol 
by  halogen  to  yield  fenchyl  chloride  (V),  which  may  be  carried 
out  either  by  the  action  of  hydrogen  chloride  or  phosphorus 
pentachloride,  has  been  the  subject  of  an  extremely  large 

*  Ann.  chim.  1886  [vi],  9,  578;  1889,  16,  240;  Compt.  rend.  1891,  113,  551. 
t  Compare  Barbier  and  Grignard,  Bull.  Soc.  chim.  1909  [iv],  5,  524. 
%  Compt.  rend.  1924, 178,  2088;  179,  175. 
§  Compare  inter  al.  Haller,  Compt.  rend.  1924,  178,  1936. 
||  Henderson  and  Chisholm,  J.C.S.  1924,  125,  112. 
H  Wallach,  Annalen,  1895,  284,  326. 
**  Neave,  J.C.S.  1912, 101,  514. 
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number  of  investigations.*  There  can  be  no  doubt  that  the 
reaction  proceeds  in  a  most  complex  manner,  yielding  a  mixture 
of  isomeric  fenchyl  chlorides,  and  it  is  extremely  doubtful  if  the 
pure  fenchyl  chloride  (V)  has  actually  been  prepared  from  fenchyl 
alcohol,  although  the  presence  of  this  chloride  in  the  mixture  is 
proved  by  the  experiments  of  Komppa  and  Hintikka,f  who,  by 
treating  the  chloride  with  magnesium  and  carbon  dioxide, 
prepared  the  carboxylic  acid  (VI),  m.p.  45-46°. 


H2C- 


-CH 
CH2 
•C— 


XJIL, 


Mg  +  C02 


/CH3 

H2C  CH  C< 

XCH3 


CHC1 


lm3 

(V) 


H2C 


CH, 
I 

■c— 


CHa 


(VI) 


On  the  other  hand,  on  elimination  of  hydrogen  chloride  by 
the  action  of  alkali  (aniline,  potassium  hydroxide,  etc.)  fenchyl 
chloride  always  yields  a  mixture  of  the  isomeric  fenchenes,  and 
it  was  further  observed  by  WallachJ  that  on  oxidation  with 
potassium  permanganate  it  gave  hydroxy-a-fenchenic  acid 
(VIII),  indicating  the  presence  of  a  chloride  having  the  structure 
(VII). 

H2C  CH  CH2  H2C  CH  CH,, 


H2C- 


H3C .  C .  CH3 
 CH  


CH.CH2C1 


(VII) 


c.c.c 

I         I         I  /OH 

CH  C< 

\C02H 

(VIII) 


H2C 


It  would  appear  to  be  legitimate  to  conclude  that  fenchyl 
chloride  prepared  from  fenchyl  alcohol  is  a  mixture  of  chlorides 
derived  from  the  hydrocarbons  (IX),  (X)  and  (XI),  in  which  one 
or  the  other  may  predominate,  and  it  is  not  improbable  that, 
like  bornyl,  ^sobornyl  chlorides  and  camphene  hydrochloride, 
they  are  tautomeric  substances.  Experimental  investigation  in 


*  Inter  al.  Wallach,  Annalen,  1891,  263,  148;  1895,  284,  332;  1898,  302,  371 ;  1901, 
315,  299;  1908,  362,  183;  Kondakov  and  Lutschinin,  J.  pr.  Chem.  1900  [ii],  62,  5: 
Kondakov  and  Schindelmeiser,  ibid.  1903  [ii],  68,  105;  Kondakov,  ibid.  1909  [ii], 
79  272 

f  Ber.  1913,  46,  645. 

%  Annalen,  1898,  302,  382. 
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this  field  is  hampered  by  the  fact  that  fenchyl  chloride  and  its 
isomerides,  unlike  bornyl  chloride,  show  little  tendency  to 
crystallise.  It  must  be  mentioned  that  Aschan*  has  shown  that 


H2C- 


H,C- 


.CH—C/CHS 

U±l2 


H>C- 


CH  CH, 


<^H3 
(IX) 


-CH, 


H3C .  C .  CH3 
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H2C  CH  CH .  CH3 

(X) 


— CH- 
CH2 

-Ah- 


CH3 
\CH3 


CH, 


(XI) 


the  liquid  chlorides,  which  are  always  obtained  as  a  by-product 
in  the  preparation  of  bornyl  chloride,  contain  fenchyl  chloride, 
since,  on  elimination  of  hydrogen  chloride,  a  mixture  of  fen- 
chenes  and  c?/cfofenchene  is  obtained. 

The  marked  tendency  for  fenchyl  alcohol  to  undergo  the 
Wagner  rearrangement  is  shown  further  in  its  behaviour  to 
dehydrating  agents,  when,  as  has  been  mentioned  already 
(p.  442),  a  mixture  of  fenchenes  is  obtained. 

l-Methyl-a-fenchylxanthate  was  prepared  by  Tschugaevf  and 
is  an  oil,  but  the  crystalline  amide  can  be  obtained  by  the  action 
of  ammonia  and  melts  at  129-130°,  [a]D  —  78-51°  (in  benzene). 
The  products,  which  are  formed  by  the  distillation  of  the  ester, 
have  already  been  described  (p.  444). 

A  large  number  of  a-  and  /3-fenchyl  esters  have  been  prepared 
by  Kenyon  and  Priston,  who  have  studied  their  optical  pro- 
perties in  great  detail  and  have  compared  them  with  similar 
derivatives  of  borneol  and  ^oborneol. 


ISOFENCHYL  ALCOHOL 


HOHC- 
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CH2 
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■C — 


CHa 
^CHa 
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^oFenchyl  alcohol  does  not  occur  in  nature  and  the  laevorota,- 
tory  alcohol  was  first  prepared  by  Bertram  and  HelleJ  by  the 

*  Ber.  1907,  40,  2750;  Annalen,  1912,  387,  1.  f  Ber.  1902,  35,  2479. 

t  J.  pr.  Chem.  1900  [ii],  61,  300. 
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hydration  of  l-a-fenchene  (I)  with  sulphuric -acetic  acid  mixture. 
The  hydration  of  the  hydrocarbon,  as  in  the  case  of  that  of 
camphene  to  borneol  (and  isoborneol),  is  accompanied  by  a 
Wagner  rearrangement,  which  may,  however,  in  this  case  lead  to 
two  structurally  different  alcohols,  isofenchyl  alcohol  (II)  and 
fenchyl  alcohol  (III). 


It  was  found  by  Bertram  and  Helle  that  the  reaction  proceeded 
apparently  solely  in  the  one  direction  yielding  an  alcohol,  which 
after  purification  through  a  crystalline  hydrogen  phthalate 
melted  at  61-5-62°.  This  alcohol  must  have  the  structure 
represented  by  (II),  since  on  oxidation  it  yields  isofenchone  (IV), 
the  proof  of  the  constitution  of  which  is  given  on  p.  479.  The 
most  suitable  conditions  for  the  preparation  of  this  alcohol  from 
Z-a-fenchene  were  determined  later  by  Wallach  and  Virck.* 
l-isoFenchy\  alcohol  can  be  obtained  also  by  the  hydration  of 
d-fi-fenchene  (V)  with  alcohol  and  sulphuric  acid,  the  ethyl  ether 
(VI),  b.p.  200-201°,  so  obtained  being  readily  hydrolysed  by 
water. 

As  mentioned  on  p.  278,  tricyclene  on  hydration  yields  borneol 
(and  isoborneol)  and  it  is  of  interest  to  note  that  Qvistj  has 
shown  that  d-cyclofenchene  (VII)  behaves  in  a  similar  manner 
giving  l-isoienchy\  alcohol. 


(IV) 


(II) 


*  Annalen,  1908,  362,  191. 

t  Ibid.  1918,  407,  278;  compare  Aschan,  Ber.  1907,  40,  2750. 
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d-isoFenchyl  alcohol  has  been  prepared  by  Wallach*  by  the 
hydration  of  d-a-fenchene  and  Z-/3-fenchene  and  also  by  the 
action  of  dilute  sulphuric  acid  on  nopinol  acetic  acid  (VIII). 

isoFenchyl  alcohol  can  be  identified  by  the  preparation  of  the 
phenylur ethane,  Z-form,  m.p.  106-107°,  dl-,  m.p.  94—95°,  or  the 
hydrogen  phthalate,  Z-form,  m.p.  149-150°. 

Z-^soFenchyl  alcohol,  which  has  an  odour  resembling  that  of 
borneol,  melts  at  61-5-62°,  b.p.  201-202°,  88-88-5°/10  mm., 


du°  0-9613, 


n 


15' 


1-48005,  [a]D  -  25-73°  (in  alcohol),  whilst  the 


dextrorotatory  form  is  stated  to  melt  at  62-63°.  For  a  specimen 
of  this  alcohol  Kondakovf  has  found  a  very  much  higher  rotatory 
power  45-40°.  ^Z-^soFenchyl  alcohol,  prepared  by  Aschant 

from  c?/cfofenchene,  has  m.p.  at  42-43°,  b.p.  202-203°,^?°  0-9533, 

20° 

nD  1-47556.  Although  a  stereoisomeric  form  of  isofenchyl 
alcohol  should  exist  this  has  not  been  obtained  pure ;  evidence 
was,  however,  obtained  of  its  formation  by  Bertram  and  Helle, 
who  observed  that  the  alcohol  prepared  by  the  reduction  of 
isofenchone  with  sodium  and  alcohol  was  a  liquid,  which  did  not 
give  a  crystalline  phenylurethane,  whilst  the  hydrogen  phthalate 
melted  at  110-111°. 

On  oxidation  with  chromic  acid  isofenchyl  alcohol  gives 


*  Annalen,  1907,  357,  56;  1908,  363,  5. 
f  J.  pr.  Chem.  1902  [ii],  65,  227. 
t  Ber.  1907,  40,  2750. 
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zsofenchone,  whilst  with  potassium  permanganate  it  gives  the 
same  degradation  products  as  this  ketone. 

An  ^sofenchyl  chloride  has  been  described  by  Qvist,*  who 
prepared  it  by  the  action  of  phosphorus  pentachloride  on  the 
alcohol  in  carbon  disulphide  solution.  This  substance  is  probably 
not  homogeneous  and  yields  mainly  d-/3-fenchene  on  digestion 
with  o-toluidine.  This  terpene  is  also  the  main  product  obtained 
on  dehydration  of  the  alcohol  with  zinc  chloride  in  benzene 
solution. 

Methyl  isofenchylxanthate  is  an  oil,  but  Nametkinf  has  pre- 
pared from  it  a  crystalline  amide,  m.p.  69-70°.  On  distillation 
the  xanthate  yields  a  mixture,  consisting  mainly  of  8-fenchene 
and  q/cZofenchene. 

C.  KETONES 
FENCHONE 

H2C 
.H.2i 

In  1890  Schimmel  and  Co.}  observed  that  oil  of  fennel  (from 
Foeniculus  vulgar e)  contained,  in  addition  to  ane thole,  an 
oxygenated  derivative  boiling  at  about  190°,  which  had  a 
camphoraceous  odour.  This  substance,  to  which  the  name 
fenchone  was  given  by  Wallach,  §  was  ^eatfrorotatory,  and  in  the 
following  year  Wallach  ||  separated  its  optical  enantiomorph 
from  thuja  oil  (from  Thuja  occidentalis  L.).  The  only  other 
essential  oil  in  which  the  ketone  occurs  in  quantity  is  that 
derived  from  Lavandula  dictata.^ 

After  the  discovery  of  fenchone  in  Schimmel  and  Co.'s 

*  Annalen,  1918,  417,  278;  compare  Kondakov,  J.  pr.  Chem.  1907  [ii],  75,  542. 

t  J.  pr.  Chem.  1923  [ii],  106,  26. 

%  SchimmeVs  Report,  1890,  April,  p.  20. 

§  Annalen,  1891,  263,  129. 

||  Ibid.  1892,  272,  102. 

If  SchimmeVs  Report,  1908,  April,  p.  58. 
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laboratory,  its  study  was  undertaken  mainly  by  Wallach  and 
his  collaborators,  although,  as  will  be  seen  from  the  sequel, 
many  important  contributions  to  its  chemistry  were  made  by 
other  investigators.  Wallach  and  Hartmann*  showed  that 
(7-fenchone  had  the  composition  C10H16O,  and  that  it  was  a 
ketone,  since  it  gave  an  oxime,  m.p.  148-149°.  It  was  recognised 
that  fenchone  resembled  camphor  very  closely  in  its  properties, 
and  since  camphor  at  the  time  was  regarded  as  having  formula 
(I),  Wallach  and  Hartmann  suggested  (II)  as  a  representation 
of  fenchone. 

CH3  CH3 

H2C  C  CO             H2C  C  CH2  H3C  CH2 

III                     III  I       /\  /CH3 

H2C  C  CH2            H2C  C  CO  HC^-CH  C< 

I  II  lXCH3 

C3H7  C3H7  H2C — CH  CO 

(I)  (II)  (III) 

In  the  following  yearf  this  formula  was  shown  to  be  incorrect, 
since,  on  oxidation  with  potassium  permanganate,  fenchone 
gave  dimethylmalonic  acid  proving  the  presence  in  it  of  the 

H3CV  /C  

group  ^  ^  C\c_  '  ^ur^ner  ^  no^  con^am  a  — CH2  group 
adjacent  to  the  carbonyl  group  as  it  did  not  form  an  hydroxy- 
methylene  derivative.}  Additional  proof  that  camphor  and 
fenchone  could  not  be  related  to  one  another  as  in  formulae  (I) 
and  (II)  was  furnished  by  the  fact  that,  whereas  camphor  on 
treatment  with  dehydrating  agents  (P205,  etc.)  gave  ^-cymene, 
fenchone  gave  m-cymene.  After  suggesting  various  formulae 
based  on  (I),  but  differing  in  the  relative  positions  of  the  methyl 
and  ^opropyl  groups,  Wallach  §  advanced  a  completely  different 
formula  (III).  This  formula  had  little  to  recommend  it  and  in  the 
following  year  Tiemann,||  influenced  by  Bredt's  formula  for 
camphor  and  his  own  modification  thereof,  suggested  that  (IV) 
was  a  more  probable  representation  of  fenchone.  Wallach 's 
investigation  of  the  oxidation  products  of  Z-a-fenchene  (V) 
(compare  p.  438)  led  him  to  reject  this  formula.  This  hydro- 
carbon, which  had  been  prepared  from  the  alcohol  resulting  by 

*  Annalen,  1890,  259,  324.  f  Ibid-  1891>  263>  153- 

t  Wallach,  Ber.  1895,  28,  34.  §  Annalen,  1894,  284,  342. 

||  Ber.  1895,  28,  1087. 
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the  reduction  of  fenchone,  gave  on  oxidation  hydroxy -a-fenchenic 
acid  (VI),  from  which  by  the  action  of  lead  peroxide  the  ketone 


H2C- 


■CH 
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!H  —  CH 
(IV) 


CH, 


CH, 


•CO 


a-fenchocamphorone  (VII)  was  prepared.  Since  the  latter  gave 
on  oxidation  supocamphoric  acid  (VIII),  the  formula  of  a-fenchene 
was  obviously  represented  by  (V).  On  the  assumption  that  no 
molecular  rearrangement  occurred  in  the  passage  of  fenchyl 
alcohol  into  a-fenchene  Wallach*  assigned  formula  (IX)  to 
fenchone. 


CH  CH 


Ht>C  CH  CHo 


Pb02 


HgC  CH  CH2 

H3C .  C .  CH3 

H2C  CH  CO 

I  (VII) 

I 

HjC  CH.C02H 

I 

H3C .  C .  CH3 
,C  CH.C02H 

(VIII) 

This  formula  accounted  readily  for  the  majority  of  the  reac- 
tions of  the  ketone  and  received  general  acceptance.  It  was 
supported  by  the  experiments  of  Gardner  and  Cockburn,f  who 
independently  suggested  the  same  formula  and  who  showed  that, 
on  prolonged  oxidation  with  nitric  acid,  the  ketone  gave  a 
mixture  of  dimethyltricarballyhc,  dime  thy  lmalonic  and  iso- 
camphoronic  acids.  An  objection  was,  however,  raised  by  Marsh,  % 
who  pointed  out  that  it  did  not  account  for  the  formation  of 
3  :  4-dimethylacetophenone  (X)  by  the  action  of  sulphuric  acid. 
This  objection  was  obviously  of  little  weight,  since  the  conversion 
into  the  xylene  derivative  must  occur  with  profound  molecular 
rearrangement . 

*  Annalen,  1898,  300,  319.  f  J.C.S.  1898,  73,  708. 

1  Ibid.  1899,  75,  1058. 
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Whilst  Wallach's  formula  for  a-fenchocamphorone  was  rigidly 
proved  the  same  did  not  apply  to  his  fenchone  formula.  Although 
a-fenchene  was  obtained  by  dehydration  of  fenchyl  alcohol  or 
by  the  elimination  of  hydrogen  chloride  from  fenchyl  chloride, 
it  was  not  the  only  hydrocarbon  formed  in  these  reactions,  which 
evidently  proceeded  in  a  complex  manner.  It  could  not,  there- 
fore, be  assumed  that  no  molecular  rearrangement  was  involved 
in  its  formation.  Fenchone  was  remarkably  resistant  to  oxida- 
tion with  nitric  acid  (compare  p.  471),  reacted  only  very  slowly 
with  semicarbazide,  and  could  not  be  converted  into  a  carboxylic 
acid  by  the  action  of  carbon  dioxide  in  the  presence  of  sodium 
(compare,  however,  p.  476).  These  properties,  and  others,  were 
inconsistent  with  the  presence  of  a  hydrogen  atom  in  the 
a-position  to  a  carbonyl  group,  and  in  1905  Semmler*  suggested 
in  place  of  the  Wallach-Gardner-Cockburn  formula  the  repre- 
sentation (XI),  which  has  since  been  shown,  both  analytically 
and  synthetically,  to  be  correct.  It  will  be  observed  that,  if 
fission  is  assumed  to  occur  at  the  dotted  lines,  the  oxidation 
products  isolated  by  Gardner  and  Cockburn  are  accounted  for. 


One  of  the  main  difficulties  encountered  in  the  determination 
of  the  constitution  of  fenchone  was  its  great  stability  towards 
oxidising  agents  which  rendered  it  impossible  to  carry  out  a 
stepwise  degradation.  An  important  advance  was  therefore 
made  when  Semmlerf  observed  that,  on  digesting  the  ketone 
with  sodamide  in  benzene  solution,  ring  fission  occurred  with  the 
formation  of  d-fencholamide  (XII),  m.p.  94°,  from  which  the 
corresponding  acid,  d-fencholic  acid  (XIII),  m.p.  18-19°,  b.p. 
151-152°/17  mm.,  could  be  obtained  by  hydrolysis  with  alkali. 
Later  WallachJ  showed  that  the  same  acid  was  formed  by  fusion 


3 


CH3 
(XI) 


*  Chem.  Ztg.  1905,  29,  1939. 
t  Ber.  1906,  39,  2578. 
j  Annalen,  1909,  369,  73. 
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of  the  ketone  with  potassium  hydroxide  at  220-240°  under 
pressure. 


HoC- 


H,>c 


CH 
CH2 

i- 


< 


CH3 

CH3 
NaNH2 


-CO 


-CH- 
I 

CH2 
-C- 


/CHg 

CH^  H2C 
^CH3  | 
KOH 


i  CH3 


CH9 


-CO.NH, 


(XI) 


KOH  (XII)  |  Br+NaOH 

,CHa  hA 


JHfl 


-NH— CO— HN- 

(XIV) 
H2S04  | 


CH3 


/OHg 

-CH  CH< 

I  XCH3 
CH2 

-C  C02H 


CH3  f 

 i 


(XIII) 


 CH  CH/     3      3  ^HC  CH  Ctt, 

|  \CH3    H3C/  | 

CH2  CH2 

 C  NH— CO— HN  C  


HC 


CH- 
I 

CH2 

i 

rC 
CHa 


CH 


CH3 
CHa 


KMn04  |  (XV) 
I 


CH- 
CH2 
CO 


CH< 


XCH5 


A 


H3 

NaOBr  |  (XVII) 

H,C  CH  

}H> 


CH 


CHS 
CH5 


HOoC 


C09H 


(XIX) 


CH  CH 

CH 


CH2 
CH, 


RjC 

H2C 
ILjC 


-C 
CH3 

(XVI)    I  KMn04 


1 


CH— 
C02H 


CH 


CH3 
CHa 


CO 
CH3 

(XVIII)    I  NaOBr 
CH3 
CH, 


CH 


CH 


'OoH 


(XX) 


The  reactions  of  fencholamide  were  studied  in  great  detail  by 
Bouveault  and  Levallois,*  who  effected  a  partial  synthesis  of 

*  Compt.  rend.  1908,  146,  181;  Bull.  Soc.  chim.  1910  [iv],  7,  542,  683,  736,  807, 
963,  968. 
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fencholic  acid.  When  d-fencholamide  was  treated  with  bromine 
in  alkaline  solution  difencholylurea  (XIV)  was  obtained,  which  on 
digestion  with  dilute  sulphuric  acid  gave  a  hydrocarbon, 
dbpofenchene,  C9H16 ,  b.p.  143°.  This  hydrocarbon,  from  its  method 
of  formation,  could  evidently  be  represented  by  either  (XV)  or 
(XVI).  On  oxidation  with  potassium  permanganate  a  ketonic 
acid  was  obtained,  which  had  formula  (XVII),  since  it  gave  on 
treatment  with  sodium  hypobromite  p-isopropylglutaric  acid 
(XIX).  ^pofenchene  consisted  therefore  essentially  of  the  hydro- 
carbon (XV),  although  as  Wallach,*  who  characterised  it  by 
the  preparation  of  a  nitrosochloride,  m.p.  115°,  showed  later,  it 
was  not  homogeneous,  since  a-isopropylglutaric  acid  (XX)  was 
also  obtained  by  its  degradation.  By  the  action  of  hydrogen 
chloride  on  apofenchene  Bouveault  and  Levallois  prepared 
eupofenchyl  chloride  (XXI)  and  from  this,  by  the  action  of  carbon 
dioxide  in  the  presence  of  magnesium,  fencholic  acid  (XIII). 


/CH3  /CHa 

CH  CH<  H>C  CH  CH/ 

I  XCH3 
CH2  Mg 
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I  XCH3 


H2C  C.C1  +  C02      H2C  C.C02H 

CH3  ^H3 
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A  comparison  of  the  amides  of  the  synthetic  acid,  m.p.  104°,  with 
that  of  fencholamide  from  d-fenchone  showed  that  they  were  not 
identical  and,  since  this  difference  was  probably  due  to  stereo- 
isomerism, a  second  synthesis  was  devised  with  the  object  of 
preparing  e?Z-fencholic  acid. 

By  fission  of  the  dicyclic  ring  of  camphenilone  (XXII)  with 
sodamide,  the  amide  (XXIII)  was  prepared  and  the  acid 
chloride  (XXIV)  of  the  acid  obtained  therefrom  by  hydrolysis 
was  condensed  with  benzene  by  the  agency  of  aluminium 
chloride.  By  methylation  of  the  sodium  compound  of  this 
benzoyl  derivative  (XXV)  with  methyl  iodide,  followed  by 
hydrolysis  with  sodamide,  a  fencholamide,  m.p.  108°,  was 
obtained.  This  amide  was  evidently  stereoisomeric  with  that 
prepared  from  apofenchene  and  also  with  that  derived  from 

*  Annalen,  1911,  379,  182. 
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H2C- 


d-fenchone.*  The  structural  identity  of  the  optically  inactive 
amide  derived  from  dZ-fenchone  (prepared  by  mixing  equal 
quantities  of  the  d-  and  ^-amides  from  d-  and  Z-fenchones)  and 
the  synthetic  amide  was  proved  by  a  comparison  of  their  ureas. 
dZ-Difencholylurea,  prepared  from  either  of  these  amides,  was 
obtained  in  two  modifications,  m.p.  161-162°  and  148°,  thus 
proving  their  identity. 
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Whilst  these  ingenious  experiments  of  Bouveault  and 
Levallois  provided  valuable  support  for  Semmler's  formula, 
complete  confirmation  was  obtained  by  Ruzicka'sf  synthesis. 
The  first  stage  in  the  synthesis  involved  that  of  l-methylcjc\o~ 
pentan-S-one  carboxylic  acid  (XXVII),  a  substance  which  had 
been  obtained  from  /3-fencholenic  acid  (see  p.  475).  The  stages  of 
the  synthesis  are  shown  in  the  scheme  and  do  not  require 
comment.  0  —  CN 

CH3.CO.CH2.CH2.C02C2H5    Zn    CH3.C.CH2.CH2.CO  KCN  CH3.C.CH2.CH2.C02C2H5 
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*  Since  the  groups  attached  to  the  1  and  3  carbon  atoms  in  fencholamide  are 
different,  both  cis-  and  Jraws-modifications  should  be  capable  of  resolution, 
t  Ber.  1917,  50,  1362. 
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From  this  ketone  Ruzicka  prepared  the  dicarboxylic  ester 
(XXVIII),  but  all  attempts  to  convert  this  into  the  dicyclic 
ketone  were  unsuccessful. 
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Since  it  appeared  probable  that  ring  closure  was  inhibited  by 
the  presence  of  the  grera-dimethyl  group,  the  related  acid  (XXIX) 
was  prepared  by  a  similar  series  of  reactions,  ethyl  bromo- 
acetate  being  used  in  the  first  stage  of  the  reaction  in  the  place 
of  ethyl  bromo^obutyrate. 
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When  the  lead  salt  of  this  acid  was  distilled  the  dicyclic 
ketone,  methylnorcamphor  (XXX),  b.p.  60-62°/15  mm.,  semi- 
carbazone,  m.p.  210-211°,  was  readily  obtained,  and  this,  on 
methylation  with  methyl  iodide  in  the  presence  of  sodamide, 
gave  a  mixture  of  fenchosantenone  (XXXI)  and  fenchone 
(XXXII).  The  two  ketones  could  be  readily  separated  by  taking 
advantage  of  the  fact  that,  whereas  fenchosantenone  reacts  very 
readily  with  semicarbazide,  yielding  a  semicarbazone,  m.p.  20$- 
209°  (oxime,  m.p.  98-99°),  fenchone  only  reacts  with  this  reagent 
very  slowly.  The  ^-fenchone  prepared  by  this  ingenious  syn- 
thesis was  found  to  be  identical  in  all  respects  with  that  prepared 
by  combining  equal  quantities  of  d-  and  Z-fenchones. 

Fenchone  is  distinguished  from  other  dicyclic  ketones  by  its 
low  boiling-point  and  is  present  in  the  fraction  of  oils  boiling  at 
190-200°.  It  can  be  comparatively  readily  freed  from  impurities 
by  gentle  warming  with  nitric  acid,  since  it  is  only  slowly 
attacked  by  this  reagent  (see  below).  A  complete  separation 
from  other  ketones  can  finally  be  effected  by  treatment  with 
semicarbazide,  since  the  formation  of  fenchonesemicarbazone 
requires  several  days.  It  can  be  identified  by  the  preparation  of 
the  oxime,  the  optically  active  form  of  which  melts  at  164-165°. 
The  optically  active  semicarbazones  melt  at  182-183°  and  the 
dZ-form  at  172-173°. 

Fenchone  is  an  oil  possessing  an  odour  reminiscent  of  that  of 
camphor.  It  crystallises  readily  when  cooled  and  melts  at  5-6°,* 
b.p.  192-193°,  d18°  0-948,  1-46355,  [a]D  +  62-76°,  -  64°.  Its 
ultra-violet  absorption  spectrum  has  been  examined  by  Henderson, 
Henderson  and  Heilbronf  and  has  been  found  to  be  practically 
identical  with  that  of  acetone;  the  absorption  spectrum  of  the 
vapour  resembles  that  of  camphor.  J 

The  catalytic  hydrogenation  of  cZ-fenchone  at  240°  with  a 
nickel  oxide  catalyst  and  a  pressure  of  1 10  atmospheres  has  been 
shown  by  Ipatiev§  to  yield  Z-fenchyl  alcohol  (XXXIII),  whilst,  if 
a  nickel  oxide-alumina  oxide  catalyst  is  used,  fenchane  results. 
By  reduction  of  the  ketone  with  hydriodic  acid  and  red  phos- 

*  Wallach,  Annalen,  1891,  263,  131. 
t  Ber.  1914,  47,  881. 
%  Purvis,  J.C.8.  1923,  123,  2516. 
§  Ber.  1912,  45,  3208. 
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phorus  at  210-215°  Wallach*  obtained  a  saturated  hydrocarbon, 
C10H20,  but  its  constitution  was  not  determined.  With  sodium 
and  alcohol  as  the  reducing  agent  fenchyl  alcohol  (XXXIII)  is 
obtained. |  As  was  to  be  anticipated  from  analogy  with  camphor 
and  other  ketones,  the  alcohol  is  a  mixture  of  two  stereoiso- 
merides  (see  p.  453). 
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was  prepared  by  Wallach  and 
Wienhausf  by  heating  fenchone  with  sodium  in  the  absence  of 
air.  The  d-  and  Z-forms  melt  at  97°,  [a]D  +  45°,  -  44-78°  (in 
ethyl  acetate),  the  dl-  at  104-105°. 

Fenchone  is  slowly  oxidised  by  air  in  the  presence  of  sunlight  § 
with  evolution  of  carbon  monoxide  and  formation  of  a  glycol, 
C10H18O2,  m.p.  138-139°,  diphenylur  ethane,  m.p.  206°.  The  con- 
stitution of  this  glycol  has  not  been  determined.  On  oxidation 
with  chromic  acid,  ^-fenchone  behaves  in  a  similar  manner  to 
camphor,||  yielding  a  diketone,  b.p.  108°/10-5  mm.,  [a]D  +  75-78° 
(in  benzene),  monophenylhydrazone,  m.p.  149-150°,  monosemi- 
carbazone,  m.p.  222-223°,  which  is  probably  represented  by 
(XXXIV). 
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Fenchone  is  not  attacked  by  a  cold  solution  of  potassium 
permanganate,  but  when  warmed  with  this  reagent  it  is  slowly 

*  Annalen,  1895,  284,  326. 

f  Wallach,  Annalen,  1891,  263,  143;  Bertram  and  Helle,  J.  pr.  Chem.  1900  [ii], 
61,  294;  Gardner  and  Cockburn,  J.C.S.  1898,  73,  276. 
%  Annalen,  1909,  369,  68. 
§  Ciamician  and  Silber,  Ber.  1910,  43,  1346. 
||  Bredt,  J.  pr.  Chem.  1923  [ii],  106,  338. 
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oxidised,  yielding  a  mixture  of  dimethylmalonic,  oxalic  and 
acetic  acids.* 

By  the  action  of  dilute  nitric  acid  (d  1-075)  under  pressure  at 
120-130°  Konovalovf  obtained  a  mixture  of  secondary  and 
tertiary  nitrofenchones,  which  have  since  been  studied  in  greater 
detail  by  Nametkin  and  his  collaborators. J  s-Nitrofenchone, 
m.p.  88°,  [a]D  —  42-88°,  yielding  a  bromide,  m.p.  53°,  is  probably 
represented  by  (XXXV),  since  it  gives  on  treatment  with  tin 
and  hydrochloric  acid  the  Jcetonic  acid  (XXXVI),  m.p.  79-80°, 
semicarbazone,  m.p.  188°.  t-Nitrofenchone,  which  must  have 
formula  (XXXVII),  yields  on  reduction  a  diketone,  b.p.  126-5- 
127°/11  mm.,  [a]D  —  45-59°,  disemicarbazone,  m.p.  220°,  dioxime, 
m.p.  123-124°,  which  may  be  either  (XXXVIII)  or  (XXXIX), 
of  which  the  latter  is  considered  the  more  probable,  since  on 
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*  Annalen,  1891,  263,  134. 

t  J.  Buss.  Phys.  Chem.  Soc.  1903,  35,  953. 

%  Nametkin  and  Chochrjakova,  J.  Russ.  Phys.  Chem.  Soc.  1922,  54,  163;  Namet- 
kin, Ljubowzova  and  Chochrjakova,  ibid.  169;  Nametkin,  J.  pr.  Chem.  1922  [ii], 
108,  29. 
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reduction  it  gives  a  glycol  (XL),  b.p.  151-152°/11  mm.,  which 
is  readily  converted  into  an  oxide. 

When  fenchone  is  warmed  on  the  water  bath  with  concen- 
trated nitric  acid  it  is  slowly  oxidised,  although,  as  Gardner  and 
Cockburn*  showed,  even  after  six  days  50  per  cent,  of  the  ketone 
can  be  recovered.  As  mentioned  on  p.  462  the  products  of  the 
oxidation  are  ^ocamphoronic,  ««-dimethyltricarballylic,  di- 
methylmalonic  and  ^obutyric  acids. 

At  the  ordinary  temperature  fenchone  reacts  with  the  halo- 
gens to  give  crystalline  addition  compounds,  which,  although 
stable  in  the  absence  of  moisture,  readily  pass  into  the  parent 
ketone  on  treatment  with  alkali. f  CzernyJ  found,  however,  that 
a  bromofenchone,  b.p.  131-134°/18  mm.,  d12°  1-348,  1-51013, 
[a]D  +  11-6°,  could  be  prepared  by  heating  d-fenchone  with 
bromine  at  100°.  The  constitution  of  this  bromide  has  not  been 
determined  but,  according  to  Semmler  and  Bartelt,§  it  is 
probably  (XLI),  since  by  the  action  of  alcoholic  potassium 
hydroxide  it  is  converted  into  y-fencholenic  acid,  b.p.  145- 
146°/10mm.,  [a]D  +  52-30°.  This  acid  Semmler  and  Bartelt 
consider  to  be  the  c?/cfobutane  acid  (XLII),  since  on  ozonolysis 
it  gives  a  ketonic  acid  (XLIII),  b.p.  185-187°/10  mm.,  semi- 
carbazone,  m.p.  192°.  No  direct  evidence  of  the  presence  in  these 
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*  J.C.S.  1898,  73,  708. 

f  Wallach,  Annalen,  1890,  259,  326;  1891,  263,  132;  1895,  284,  342. 
%  Ber.  1900,  33,  2291;  compare  Balbiano,  Gazzetta,  1900,  30,  n,  382. 
§  Ber.  1907,  40,  1232. 
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acids  of  the  ci/cZobutane  or  c^/cfobutanone  ring  structure  is 
available  and  their  constitution  cannot  be  regarded  as  esta- 
blished. y-Fencholenic  acid  is  very  unstable  and  on  keeping 
slowly  changes  into  a-fencholenic  acid  (XLIV)  (see  p.  471),  the 
amide  of  which  is  formed  when  the  ammonium  salt  of  y- 
fencholenic  acid  is  heated  under  pressure  at  180°.  The  iso- 
merisation  of  y-fencholenic  acid  to  a-fencholenic  acid  resembles 
that  of  m/racampholenic  acid,  which  is  also  regarded  as  having 
an  exocyclic  ethylenic  linkage,  to  ^olauronolic  acid  (compare 
p.  360). 

If  fenchone  is  treated  with  bromine  in  the  presence  of  phos- 
phorus pentabromide,  then,  in  addition  to  substitution,  replace- 
ment of  the  oxygen  atoms  in  the  carbonyl  group  occurs  with  the 
formation  of  a  tribromofenchane,  b. p.  181-183°/18  mm.  Assuming 
no  molecular  rearrangement  to  have  occurred,  this  probably  has 
formula  (XLV). 

Fenchone  is  not  attacked  by  the  halogen  acids,  whilst  on 
treatment  with  phosphorus  pentachloride  Gardner  and  Cock- 
burn*  showed  that  a  complicated  reaction  took  place  yielding 
a  mixture  of  products,  the  constitutions  of  which  have  not  been 
satisfactorily  determined.  When  the  ketone  is  heated  with 
phosphorus  pentoxide  m-cymene  is  formed, f  whilst  by  the  action 
of  concentrated  sulphuric  acid  at  80°  Marsh  J  obtained  3  :  4- 
dimethylacetophenone . 

d-Fenchonehydrazone  (XLVI),  m.p.  56-57°,  b.p.  230-231°, 
was  shown  by  Kishner§  to  give  fenchane  (XLVII)  when  dis- 
tilled with  potassium  hydroxide,  the  same  hydrocarbon  being 
obtained  by  the  action  of  sodium  ethylate  at  140°.  ||  On  oxida- 
tion with  mercuric  oxide  in  the  presence  of  alkali  it  yields 
d-cyclofenchene  (XLVIII).H 

Fenchoneoxime  (XLIX)(p.474)was  first  prepared  by  Wallach,** 
the  d-  and  Z-forms  melting  at  164-165°,  [a]Z)±47°  (in  alcohol) 

*  J.G.8.  1897,  71,  1151;  1898,  73,  704. 

t  Wallach,  Annalen,  1893,  275,  157;  1894,  282,  324. 

t  J.C.8.  1899,  75,  1058. 

§  J.  Buss.  Phys.  Chem.  Soc.  1911,  43,  582. 

||  Wolff,  Annalen,  1912,  394,  96. 

1  G.P.  353933. 

**  Annalen,  1891,263, 136;  1893,272, 104;  1901,315,278;  compare  Rimini,  Gazzctia, 
1896,  26,  n,  502;  Cockburn,  J.C.S.  1899,  75,  503. 
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and  the  dl-  at  158-160°. 
oxime,  d-fencJione-^-oxime, 
is  labile,  and  on  warming  to 
of  its  alcoholic  solution,  it 
164-165°.  Fenchoneoxime 


H,C  CH- 

I 

CH2 


H„C 


-C  

I 

CH3 
(XL  VII) 


^CHS 


-CH, 


H2C 


Delepine*  has  prepared  a  second 
m.p.  123°,  [a]D  +  129-3°.  This  oxime 
170-180°,  or  even  by  the  evaporation 
passes  into  the  ordinary  oxime,  m.p. 
is  insoluble  in  alkalis  and,  like  cam- 

CH  C(  H2C  CH 
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-C:N.NH,  HC 
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CH3 
(XLVI) 


C.CH3 
(XL  VIII) 


phoroxime,  it  cannot  be  reconverted  into  the  parent  ketone  by 
acid  hydrolysis.  When  it  is  warmed  with  dilute  mineral  acids  it 
yields  a  mixture  of  two  nitriles,  which  were  first  prepared  by 
Wallach  and  carefully  studied  by  him,|  but  their  actual  separa- 
tion was  first  effected  by  Cockburn.J 

If  fenchoneoxime  is  warmed  with  dilute  sulphuric  acid  an  oil 
is  obtained  which,  although  it  boils  within  comparatively 
narrow  limits,  214-219°,  is  a  mixture  of  two  nitriles  which 
cannot  be  separated  by  fractional  distillation.  Separation  can, 
however,  be  effected  by  taking  advantage  of  the  fact  that  one  of 
the  nitriles,  fi-fencholenonitrile  (L),  is  readily  hydrolysed  by 
alcoholic  potassium  hydroxide  to  the  corresponding  acid,  /3- 
fencholenic  acid  (LI),  whilst  the  other  nitrile,  a-fencholenonitrile 
(LII)  or  (LII  a),  is  more  stable  and  yields  a  crystalline  amide 
(LIII)  or  (LUIa),  m.p.  113-114°,  from  which  the  acid,  a- 
fencholenic  acid  (LIV)  or  (LIV  a),  can  be  obtained  by  prolonged 
hydrolysis  with  alkali. 

The  position  of  the  ethylenic  linkage  in  a-fencholenic  acid, 
b.p.  136-138°/12  mm.,  du°  1-0069,  [a]D  +  30-73°,  has  not  been 
determined,  but  it  is  generally  assumed  to  have  either  formula 
(LIV)  or  (LIV  a).  It  would  appear  to  behave  abnormally  on 
oxidation  with  ozone,  since  Semmler  and  Bartelt§  showed  that 
it  gave  an  oil  which  did  not  contain  a  carbonyl  group.  On 

*  Compt.  rend.  1924,  178,  1721. 

t  Annalen,  1890,  259,  329;  1892,  269,  332;  1901,  315,  278;  1911,  379,  182. 
%  J.C.S.  1899,  75,  501. 
§  Ber.  1907,  40,  432. 
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catalytic  hydrogenation  it  yields  the  saturated  acid,  dihydro-a- 
fencholenic  acid  (LV),  whilst,  when  dissolved  in  cold  concen- 
trated sulphuric  acid,  the  lactone  (LVI),  m.p.  77-78°,  is  formed, 
which  yields  on  reduction  the  glycol  (LVII),  m.p.  58-60°. 
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Although  the  constitution  of  a-fencholenic  acid  remains  un- 
certain, that  of  the  fi-acid  (LI),  m.p.  72-73°,  [a]D  +  19-64  (in 
alcohol),  amide,  m.p.  86-5-87-5°,  has  been  definitely  established, 
since,  on  ozonolysis,  it  gives  l-methylcyelopentan-3-one  carboxylic 
acid  (LVIII),*  which  has  been  synthesised  by  Ruzicka  (compare 
p.  466).  On  catalytic  hydrogenation  it  yields  fencholic acid  (LIX), 
identical  with  the  acid  prepared  by  the  fusion  of  fenchone  with 
alkali  (p.  464). 

H2C  CH  CH<  H2C  C:C<  H2C  CO 

I  XCHa 


H2C- 


I  NCH3 
CH2 
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CH2 


CH2  H2 

A.C02H  <  I 

CH3  CH3  CH3 

(LIX)  (LI)  (LVIII) 


The  action  of  nitrous  acid  on  d-fenchoneoxime  has  been 
investigated  by  Rimini  "j"  and  by  Tiemann  and  Mahla,  J  who  have 
shown  that  a  mixture  of  pernitrosofenchone,  C10H16O2N2,  and 
fenchoneimine,  C10H16 :  NH,  is  obtained.  The  former,  m.p.  66-67°, 
is  converted  by  cold  alcoholic  ammonia  into  isopernitroso- 
fenchone,  m.p.  88°,  whilst  with  cold  concentrated  sulphuric  acid 
it  gives  the  so-called  isocamphor,  which  Wallach  §  has  shown,  as 
was  suggested  by  Rimini,  to  be  l-methyl-S-^opropyl-A^q/cZo- 
hexen-6-one  (LX),  since  on  oxidation  with  potassium  perman- 
ganate it  gives  a-^sopropylglutaric  acid  (LXI). 

CH3 

c 


OC     CH  H02C  C02H 

!      I           /CH3  I      I  yCH3 

H2C     CH.CH<  H2C  CH.CH< 

\/           XCH3  KMn04         •  \y  \CH3 

CH2   ►  CH2 

(LX)  (LXI) 

c^-Fenchoneimine  (LXII),  which  is  readily  separable  from 
pernitrosofenchone  owing  to  the  sparing  solubility  of  its  nitrate, 
is  an  oil,  b.p.  82°/15  mm.,  [a]D  +  76-3°.  When  air  is  led  through 

*  Semmler  and  Bartelt,  Ber.  1907,  40,  432. 

t  Gazzetta,  1899,  26,  n,  505. 

%  Ber.  1896,  29,  2818. 

5  Annalen,  1911,  379,  217. 
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the  inline  at  105°  for  36  to  48  hours  ring  fission  occurs  (compare 
camphorimine,  p.  365),  a  mixture  of  nitrites  of  dihydro-a- 
fencholenic  acid  (LXIII),  b.p.  98-104°/23  mm.  and  hydroxy 
dihydro-«-fencholenic  acid  (LXIV),  b.p.  154°/23  mm.  being 
obtained.  The  former  gives  on  hydrolysis  dihydro-a-fencholenic 

/CH3  /CH3  /CHS 

— ch  c<         h2c  ch  c<         h2c  ch  (\ 

ch* 


^CH3                              \CH3  |  |  \CH3 

CN    <   CH2   ►  CH,  CN 

C.OH  H2C  C  C:NH      H2C  CH 

CH3 


CH3  CH3 
(LXIV)  (LXII)  (LXIII) 


acid,  identical  with  the  acid  prepared  by  Wallach*  by  the 
catalytic  hydrogenation  of  a-fencholenic  acid  (p.  474).  Hydro- 
lysis of  the  hydroxynitrile  gives  a  hydroxy  acid,  m.p.  113-114°, 
from  which  a  lactone,  m.p.  72°,  can  be  prepared.  This  lactone, 
if  not  identical  with,  must  be  a  stereoisomeride  of  that  prepared 
by  Semmler  and  Barteltf  from  a-fencholenic  acid  by  the  action 
of  concentrated  sulphuric  acid  (compare  p.  474). 

By  the  reduction  of  d-fenchoneoxime  with  sodium  and  alcohol 
Wallach}  prepared  l-fenchylamine,  b.p.  195°,  [a]D  —  24-89°,  the 
enantiomorph  being  obtained  from  Z-fenchoneoxime.  This  amine 
can  be  prepared  also  by  heating  together  a  mixture  of  fenchone 
and  ammonium  formate.  It  has  an  odour  resembling  that  of 
piperidine  and  can  be  characterised  readily  by  the  preparation 
of  the  acetyl  derivative,  m.p.  99°.  With  nitrous  acid  Z-fenchyl- 
amine  reacts  in  a  somewhat  complicated  manner,  yielding  a 
mixture  of  cineole,  <i-limonene,  dipentene  and  Z-a-fenchene,  the 
examine  behaving  in  a  similar  manner.  § 

Since  fenchone  does  not  contain  a  — CH —  group  adjacent  to 
the  carbonyl  group  it  does  not  form  a  sodium  derivative,  but  it 
was  observed  by  Wallach||  that,  when  carbon  dioxide  was  passed 
into  an  ethereal  solution  of  the  ketone  containing  sodium  wire, 
an.  interesting  reaction  took  place  with  the  formation  of  two 

*  Annalen,  1911,  379,  182. 

f  Ber.  1906,  39,  2853;  1907,  40,  438. 

t  Annalen,  1891,  263,  140;  1892,  269,  358;  1893,  272,  105;  276,  318. 
§  Wallach,  ibid.  1908,  362,  177. 

||  Ibid.  1890,  259,  326;  1895,  284,  327;  1898,  300,  294;  1901,  315,  276. 
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isomeric  hydroxy-acids,  a-  and  /3-fenchocarboxylic  acids.  These 
two  acids  are  probably  cis-  and  ^raws-modifications  of  the  acid 
having  the  formula  (LXV),  since  on  oxidation  with  potassium 
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permanganate  the  parent  ketone  is  formed.  a-Fenchocarboxylic 
acid,  which  is  known  in  both  the  d-  and  Z-modifications,  melts  at 
141-142°,  [a]D  ±  11-28°,  dl-,  m.p.  91-92°,  and  it  can  be  distilled 
without  decomposition  under  diminished  pressure,  but  at  the 
ordinary  pressure  decomposes  with  loss  of  water  and  formation 
of  anhydrofenchocarboxylic  acid,  m.p.  175°.  This  acid  is  probably 
the  ci/cZofenchenecarboxylic  acid  (LXVI).  In  addition  to  this 
acid  a  yellow  diketone,  carbofenchonone,  m.p.  96°,  is  formed, 
which  can,  however,  be  obtained  in  a  better  yield  by  the  dis- 
tillation of  the  lead  salt  of  a-fenchocarboxylic  acid.  This  ketone, 
which  possibly  has  formula  (LXVII),  gives  an  oxime,  m.p.  108°, 
and  a  dioxime,  m.p.  198-199°.  There  can  be  no  doubt  that  the 
carbonyl  groups  are  in  the  1  :  2-position,  since  it  yields  a  quin- 
oxaline  derivative,  m.p.  121-122°.  A  further  study  of  the  pro- 
perties of  this  diketone  would  be  of  interest. 

j8-Fenchocarboxylic  acid,  of  which  only  the  dextrorotatory 
form  is  known,  melts  at  76-77°  and  is  much  less  stable  than  the 
a-acid;  it  passes  very  readily  into  the  anhydro-acid.  It  is  of 
interest  that  this  acid  can  be  prepared  by  digestion  of  carbo- 
fenchonone with  alkali  and  it  can  be  converted  into  the  diketone 
by  distillation  of  its  lead  salt. 

The  action  of  magnesium  methyl  iodide  on  cZ-fenchone  was 
first  investigated  by  Zelinski*  and  later  by  Wallach  and 
Wienhaus.f  The  reaction  proceeds  normally  with  the  formation 
of  a-methylfenchyl  alcohol  (LXVIII),  m.p.  61°,  b.p.  215-216°, 
[a]D  +  1-7°  (in  ether).  On  dehydration  with  potassium  hydrogen 
sulphate  methylfenchyl  alcohol  yields  a  mixture  of  hydrocarbons, 


*  Ber.  1901,  34,  2883. 


f  Annalen,  1907,  353,  219. 
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which  Ruzicka  has  shown  to  consist  essentially  of  meihyl-a- 
fenchene  (LXIX),  since  on  ozonolysis  camphor  (LXX)  is  obtain- 
ed. Since  some  methyl  camphene  (LXXI)  is  also  present  in  the 
mixture,  methyl  borneol  (LXXII)  and  methyl  fenchyl  alcohol 
yield  on  dehydration  qualitatively  the  same  mixture  of  hydro- 
carbons. This  is  confirmed  by  the  observation  of  Bredt  and 
Savelsberg,*  that  both  methyl  borneol  and  methyl  fenchyl 
alcohol  give  the  same  tricyclic  hydrocarbon  (LXXIII). 
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Tardyf  has  prepared  a  number  of  additive  compounds  of 
fenchone  with  various  phenols  and  also  with  chloral. 

*  J.pr.  Ghem.  1918  [ii],  98,  97;  compare  Bredt-Savelsberg  and  Buchkremer, 
Ber.  1931,  64,  600. 

f  Bull.  Soc.  chim.  1902  [iii],  27,  605. 
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Z-isoFenchone  was  first  described  by  Bertram  and  Helle,*  who 
obtained  it  by  the  oxidation  of  Z-^sofenchyl  alcohol  with  chromic 
acid  mixture,  the  dextrorotatory  isomeride  being  prepared  some 
years  later  by  Wallachf  by  the  oxidation  of  cZ-^sofenchyl  alcohol. 

The  formula,  now  known  to  represent  correctly  the  constitu- 
tion of  ^ofenchone,  was  originally  suggested  by  Semmler J  and 
was  based  on  the  following  considerations.  ^soFenchyl  alcohol, 
from  which  ^ofenchone  is  obtained,  results  from  the  hydration 
of  a-fenchene  (I).  Addition  of  water  to  this  hydrocarbon,  with 
the  accompanying  Wagner  rearrangement,  can  obviously  pro- 
ceed in  two  directions  to  yield  the  alcohols  (II)  and  (III).  If 
Semmler's  formula  §  for  fenckone  (V)  (p.  463)  was  correct,  then 
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*  J.  pr.  Chem.  1900  [ii],  61,  303. 
$  Die  Atherischen  Ole,  1906,  in,  549. 
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t  Annalen,  1907,  357,  56;  1908,  363,  4. 
§  Chem.  Ztg.  1905,  29,  1913. 
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(II)  corresponded  to  fenchyl  alcohol  and  (III)  must  represent 
/sofenchyl  alcohol,  from  which  it  followed  that  isofenchone  was 
(IV). 

The  investigations  of  Wallach,  Aschan  and  their  collaborators, 
which  must  now  be  considered,  have  shown  Semmler's  formula 
to  be  correct.  Wallach*  found  that,  when  isofenchone  was 
oxidised  with  potassium  permanganate  in  alkaline  solution,  a 
dibasic  acid,  isofenchocamphoric  acid,  C10H16O4,  was  obtained, 
whilst  by  fusion  with  potassium  hydroxide  at  220-240°  Wallach 
and  Hombergerf  prepared  a  monobasic  acid,  isofencholic  acid, 
C10H18O2.  Accepting  Semmler's  formula  for  isofenchone  these 
reactions  can  be  formulated  in  accordance  with  the  following 
scheme,  when  isofenchocamphoric  acid  will  be  (VI)  and  iso- 
fencholic acid  (VII)  or  (VIII). 
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Aschan  J  has  studied  the  properties  of  isofenchocamphoric 
acid  in  very  great  detail.  The  acid  prepared  by  Wallach  was 
found  to  be  the  cis-modification,  since  it  readily  gave  an  anhy- 
dride and  it  could  be  converted  into  the  trans-form  by  heating 
with  acetic -hydrochloric  acid  at  180°  for  some  hours.  The 
following  constants  have  been  observed  for  the  cis-  and  trans- 
acids. 

*  Annalen,  1908,  362,  191;  363,  5. 
t  Ibid.  1909,  369,  97. 

j  Ibid.  1912,  387,  1;  compare  Sandelin,  ibid.  1913,  396,  285. 
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cis-d-  and  Z-acids 
cis-dl-SLcid 

cis-d-  and  ^-anhydrides 
a's-cW-anhydride 
trans-d-  and  Z-acids 
trans-dl-Sbdd 


M.P. 

158-159° 
174-175° 

98° 

95-96° 
149-150-5° 
173-174° 


+  14-58°,  - 14-54° 

±  0° 

±  13-45° 

±  0° 
+  4-16°,  -  4-19° 

±  0° 


On  bromination  c^-(i?-i«sofenchocamphoric  acid  gave  only  a 
monobromo-acid,  cis-dl-a-bromoisofenchocamphoric  acid  (IX), 
obtained  in  two  stereoisomeric  modifications,  m.p.  208-210°  and 
160-162°,  which  indicated  that  isofenchocamphoric  acid  had 
only  one  hydrogen  atom  in  the  a-position  to  a  carboxyl  group. 
By  treatment  of  c^«s-c/Z-«-bromoi«sofenchocamphoric  acid  with 
alkali,  an  unsaturated  acid,  dehydroisofenchocamphoric  acid  (X), 
m.p.  190-191°,  and  a  hydroxy  acid,  cis-dl-a-hydroxyisofencho- 
camphoric  acid  (XI),  m.p.  185-186°,  were  obtained.  The  latter 
was  shown  to  contain  a  hydroxy  group  in  the  ^-position  to  a 
carboxyl  group,  since  by  oxidation  with  lead  peroxide  it  was 
converted  into  a  ketonic  acid,  isofenchocamphoric  acid  (XII), 
m.p.  68-70°,  semicarbazone,  m.p.  216^217157  Its  constitution  was 
conclusively  established  by  fusion  with  potassium  hydroxide, 
when  it  gave  aayy-tetrameihylglutaric  acid  (XIII)  and  formic  acid. 
The  reactions  outlined  above  will  be  clear  from  the  following 
scheme  and  there  would  appear  to  be  no  doubt  that  isofencho- 
camphoric acid  must  have  formula  (VI). 


H, 


H,C 


•CH.COoH 


H3C. 


H. 


CH2 

I  Br2 
C.C02H 

CH3 

\  so  e  etv<VfHjoc4  n  Pnt>Ric 


H9c/ 


CBr.CCH 


H2C- 


CO 


KOH 


CH2   > 

I  KOH 
—  C.C02H 

CH3 
(IX) 


CH 


CH, 


CH2  Pb02 


H3Cv 


H 


C(0H).C02H 


H2C 


S  T  II 


iH3 

(XII) 


I 

CH2 

I  KOH 
H2C  C.C02H 

(XI) 


(X) 


H3Cv 

>C.C02H 


H 


I  CH3 

fi — i.c( 
in3 

(XIII) 


31 


482 


FENCHANE,  JSOBORNYLANE 


PT.  I 


The  reactions  of  dehydroisofenchocamphoric  acid  (X)  have 
been  studied  in  some  detail  by  Toivonen.*  The  acid,  d-  and 
Z-forms,  m.p.  170-17 1°,  dl-,  m.p.  190-191°,  does  not  yield  an 
anhydride,  but  its  constitution  is  proved  by  its  oxidation  with 
potassium  permanganate  to  aS-diketo-^-dimethylhexoic  acid 
(XIV),  which,  by  the  action  of  hydrogen  peroxide,  gave  mesitonic 
acid  (XV). 


H3Cv 

>C  C.COJH 
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Neither  ^ofenchone  nor  ^ofenchocamphoric  acid  has  been 
synthesised,  but  their  constitution  is  conclusively  established 
and  is  supported  by  the  ready  conversion  of  ^ofenchyl  alcohol 
into  ci/cZofenchene  (p.  451).  Further,  Name tkin and  Rushencevaf 
have  shown  that  the  ketone  must  have  a  CH2:  group  adja- 
cent to  the  carbonyl  group,  since  on  treatment  with  carbon 
dioxide  in  the  presence  of  sodium  it  reacts  in  exactly  the  same 
manner  as  camphor  (p.  370)  and  yields  isofe?ichonecarboxylic 
acid  (XVI),  m.p.  87-88°. 

/CHa  /CH3 

Na  + 


HaC 


OC 
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CH, 
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CH3 
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CH3 
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isoFenchone  can  be  characterised  either  by  the  preparation  of 
the  semicarbazone,  d-  and  1-,  m.p.  221-222°,  dl-,  m.p.  223-224°t, 
or  of  the  oxime,  d-  and  1-,  m.p.  82°,  dl-,  m.p.  133°.  § 

^soFenchone  is  an  oil  with  an  odour  resembling  that  of 
camphor;  when  cooled  to  a  low  temperature  it  solidifies  to  an 
amorphous  solid.  It  boils  at  201°,  d18'5°  1-4621,  [a]D  -  9-35°. 

*  Annalen,  1919,  419,  176. 

f  J.  pr.  Chem.  1923  [ii],  106,  39. 

%  Wallach  and  Virck,  Annalen,  1908,  362,  194. 

§  Bertram  and  Helle,  J.  pr.  Chem.  1900  [ii],  61,  304. 
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On  reduction  with  sodium  and  alcohol  it  yields  an  isofenchyl 
alcohol,  which  is  probably  stereoisomeric  with  that  obtained  by 
the  hydration  of  a-fenchene  (see  p.  458).  The  ketone  reacts 
readily  with  bromine  to  give  a  bromoisofenchone,  d-  and  1-,  m.p. 
56-57°,  [a]D  -  16-41°  (in  alcohol),  dl-,  m.p.  46-47°.*  The  con- 
stitution of  this  bromide  has  not  been  determined  but  it  is 
probably  represented  by  (XVII). 
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By  the  action  of  magnesium  methyl  iodide  on  ^ofenchone 
Komppaf  has  prepared  methylisofenchyl  alcohol  (XVIII),  m.p. 
47°,  b.p.  82°/10  mm.  This  alcohol  on  dehydration  with  potassium 
hydrogen  sulphate  yields  a  hydrocarbon,  b.p.  160-162°, 
d\T  0-85205,  n£°  1-46261,  which  must  be  methyl-S-fenchene 
(XIX),  since  it  gives  on  oxidation  as-^ofenchocamphoric  acid 
(VI).  It  is  interesting  to  note  that,  unlike  methyl  borneol  and 
methylfenchyl  alcohol  (compare  p.  478),  this  alcohol  does  not 
undergo  the  Wagner  rearrangement  on  dehydration. 


*  Wallach  and  Virck,  Annalen,  1908,  362,  195. 
f  Annalen,  1929,  472,  179. 
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THE  SESQUITERPENES  AX  D  THEIR 
DERIVATIVES 

INTRODUCTION 

The  name  sesquiterpene  is  applied  to  the  hydrocarbon  con- 
stituents of  the  essential  oils,  which  have  the  composition 
P©Hfli'  There  are  in  the  literature  over  four  hundred  references 
to  the  occurrence  in  nature  of  sesquiterpenes,  but  in  compara- 
tively few  instances  have  these  been  characterised  and  shown  to 
be  homogeneous  substances.  Although  the  presence  of  ses- 
quiterpenes and  sesquiterpene  camphors  (alcohols..  C-^H240  and 
C^HosO)  was  early  recognised,*  it  is  only  within  the  last  decade 
that  the  chemistry  of  these  substances  has  been  placed  on  a 
satisfactory  basis.  Following  the  valuable  pioneering  researches 
of  Gladstone. t  Wallachi  was  the  first  to  suggest  a  general 
formula  for  the  sesquiterpenes.  As  a  guiding  principle  he 
adopted  the  view  that  the  sesquiterpenes,  like  the  simpler 
terpenes  .  were  built  up  of  isoprene  nuclei  §  and  by  the  combina- 
tion of  three  such  nuclei  he  devised  the  structure  (I),  which 

H,C  CH, 


H 

CH  CH 
HC    C  CH 


w 

CH2  CH3 
(I) 

*  Inter  al.  Dumas,  Annahn.  1833,  6,  245;  133-1.  9,  56;  Souberain  and  Capitaine, 
ibid.  1849,  34.  323. 

f  J.C.S.  1864,  17,  1;  1872,  25,  I;  18S6,  49,  609. 
|  Annalen,  1887,  238,  78:  239,  49. 

§  Wallach  did  not  assume  that  isoprene,  as  such,  was  involved  in  the  formation 
of  the  hydrocarbons  in  nature;  it  was  used  to  illustrate  the  arrangement  of  the 
carbon  atoms  in  the  pentane  nucleus.  It  is  in  this  sense  that  the  term  "'isoprene 
nuclei"  is  used  here. 
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represented  them  as  derivatives  of  a  partially  hydrogenated 
substituted  naphthalene.  This  interpretation  was  not  intended 
to  apply  to  any  particular  hydrocarbon,  but  only  to  show  their 
general  type.  Although  this  arrangement  of  the  isoprene  nuclei 
has  since  been  shown  to  be  incorrect,  all  the  sesquiterpenes, 
whose  constitutions  have  been  determined,  have  been  shown  to 
contain  three  such  nuclei  and  Wallach's  suggestion  was  of 
fundamental  importance. 

Semmler*  and  Schreiner  and  Kremersf  advanced  inde- 
pendently a  classification  of  the  sesquiterpenes,  which  has 
proved  of  great  value  in  this  field  of  research.  From  a  considera- 
tion of  the  molecular  refraction  of  the  hydrocarbons,  it  was 
possible  to  divide  them  into  four  main  classes,  which  are  shown 
in  the  table: 


d15° 

nT 

(i)    Acyclic  (four  ethylenic  linkages) 

0-84 

1-53 

69-5 

(ii)  Monocyclic  (three  ethylenic  linkages) 

0-89-0-87 

1-51-1-49 

67-8 

(iii)  Dicyclic  (two  ethylenic  linkages) 

0-92-0-90 

1-51-1-50 

66-1 

(iv)  Tricyclic  (one  ethylenic  linkage) 

0-935-0-91 

1-50-1-49 

64-4 

It  will  be  observed  that,  although  the  refractive  index  shows 
comparatively  little  variation,  there  is  for  each  group  a  con- 
siderable constancy  in  the  density. 

Semmler  and  his  collaborators  undertook  a  prolonged  series  of 
investigations  into  the  constitutions  of  the  various  sesquiter- 
penes and  sesquiterpene  alcohols.  They  suggested  in  many  cases 
formulae  for  these  but,  except  in  the  case  of  a-santalene  and 
«-santalol,  they  were  purely  hypothetical  and  devoid  of  experi- 
mental foundation  and  up  to  the  year  1920  the  constitution  of 
only  one  sesquiterpene  alcohol,  farnesol  (p.  553),  had  been 
determined.  The  ordinary  methods  of  oxidation  had  been  un- 
successful, either  because  the  products  obtained  were  too  simple 
to  throw  any  light  on  the  constitution  of  the  parent  body,  or 
because  they  were  too  complex  to  admit  of  separation  and 
identification. 

The  experimental  researches  of  Ruzicka  and  his  collaborators  { 
have  completely  revolutionised  the  position  and  they  have 

*  Ber.  1903,  36,  1037. 

f  The  Sesquiterpenes,  Milwaukee,  1904. 

J  Ruzicka,  Uber  Konstitution  und  Zusammenhange  in  der  Sesquiterpenreihe,  1928. 
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provided  a  basis  which  will  render  future  work  in  this  field 
comparatively  simple.  Although  Wallach's  suggestion,  that  the 
sesquiterpenes  were  derivatives  of  naphthalene,  had  been  adopted 
by  Semmler,  all  attempts  to  obtain  substituted  naphthalenes 
from  these  hydrocarbons  had  been  unsuccessful.  Ruzicka  and 
Meyer*  made  the  fundamental  observation  that  cadinene  gave 
on  dehydrogenation  with  sulphurf  the  naphthalene  hydrocarbon, 
cadalene,  1 :  6-dimethyl-4:-isopropylnaphthalene  (II),  the  constitu- 
tion of  which  was  established  by  its  synthesis  from  carvone  (III) 
by  the  reactions  outlined  in  the  scheme  set  out  on  p.  487. J 

This  naphthalene  hydrocarbon  contains  all  the  carbon  atoms 
present  in  cadinene  and  it  will  be  seen  that  it  can  be  dissected, 
in  agreement  with  Wallach's  original  suggestion,  into  three  iso- 
prene  nuclei  (IV).  This  naphthalene  hydrocarbon  was  potentially 
present  in  the  only  sesquiterpene  alcohol,  farnesol  (V),  whose 
constitution  was  known  at  the  time. 
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C  CH2 

H2C  CH  CH2 

C.C 
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ii 


H3C  CH3 
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Ruzicka,  Meyer  and Mingazzini§  observed,  however,  that,  when 
eudesmol  (p.  576)  and  selinene  (p.  540)  were  dehydrogenated, 
they  did  not  give  cadalene  but  another  naphthalene  hydro- 
carbon, eudalene,  l-methyl-l-isopropylnaphthalene  (VII),  con- 
taining a — CH3  group  less  than  cadalene.  This  hydrocarbon  was 

*  Helv.  Chim.  Acta,  1921,  4,  505. 

f  The  first  use  of  sulphur  for  the  dehydrogenation  of  terpene  derivatives  was 
probably  due  to  Vesterberg  (Ber.  1903,  36,  4200),  who  investigated  its  action  on 
abietic  acid  (compare  Ruzicka,  op.  cit.  p.  9). 

%  Ruzicka  and  Seidel,  Helv.  Chim.  Acta,  1922,  5,  369. 

§  Helv.  Chim.  Acta,  1922,  5,  345. 
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synthesised  by  Ruzicka  and  Stoll*  from  ethyl  p-isopropyl- 
cinnamate  (VI)  by  the  reactions  shown  in  the  scheme : 

CH  CH  CH  CH2  CH  CH2 
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It  is  obvious  that  the  carbon  atom  eliminated  from  the 
sesquiterpene  during  the  process  of  dehydrogenation  must  have 
been  present  as  a  methyl  group  in  either  position  9  or  10  in  the 
naphthelene  nucleus,  so  that  the  skeleton  of  the  parent  hydro- 
carbon may  be  represented  by  either  (VIII)  or  (IX)  (p.  490). 
Of  these  two  possibilities  only  (VIII)  need  be  considered,  since 
it  can  be  built  up  from  three  isoprene  nuclei  as  indicated  by  (X) ; 
which  is  not  possible  if  the  structure  (IX)  is  adopted. 

These  important  experiments  supplied  the  first  experimental 
proof  that  the  sesquiterpenes  contained  either  a  naphthalene  or 
"potential"  naphthalene  ring  structure;  cadalene  and  eudalene 
are  the  only  naphthalene  hydrocarbons  which  have  been  ob- 
tained by  the  dehydrogenation  of  sesquiterpenes  and  their 
derivatives. 

Although  this  method  is  valuable  in  determining  the  ring 
structure  of  sesquiterpenes,  it  is  not  by  any  means  of  general 

*  Helv.  Chim.  Acta,  1922,  5,  923. 
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application.  It  fails  completely  in  the  case  of  tricyclic  hydro- 
carbons and  their  derivatives  (except  in  the  case  of  copaene), 
whilst  it  is  only  of  limited  use  with  dicyclic  and  monocyclic 
hydrocarbons.  For  the  determination  of  the  structure  in  such 
cases  other  methods  have  to  be  adopted.  In  spite  of  its  limita- 
tions, the  method  has  proved  of  the  greatest  value  and  much  of 
the  work  described  in  the  sequel  could  not  have  been  brought  to 
a  successful  conclusion  prior  to  its  introduction.  In  all  cases 
where  the  constitution  of  the  sesquiterpenes  and  their  derivatives 
have  been  definitely  established,  they  have  been  shown  to  be 
derived  from  either  cadalene  or  eudalene. 
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A.   MONOCYCLIC  HYDROCARBONS 


Bisabolene,  C15H24 ,  is  the  sesquiterpene  which,  with  the  exception 
of  cadinene  and  caryophyllene,  occurs  most  widely  distributed 
in  nature.  It  was  first  isolated  by  Tucholka*  from  Bisabol  myrrh 
and  later  by  Burgess  and  Pagef  from  oil  of  bergamot.J  Its 
presence  in  a  large  number  of  other  essential  oils  has  since  been 
established.  §  Bisabolene  can  be  characterised  by  the  prepara- 
tion of  a  trihydrochloride,  m.p.  79-80°,  from  which  it  can  be 
regenerated  by  the  action  of  sodium  acetate  in  acetic  acid  solu- 
tion. 

Although  the  preparation  of  this  trihydrochloride  showed 
that  bisabolene  was  a  monocyclic  hydrocarbon  containing 
three  ethylenic  linkages,  the  first  evidence  of  its  structure  was 
obtained  from  the  investigations  of  Ruzicka  and  Capato||, 
who  showed  that  it  must  be  represented  by  either  formula 
(I),  (II)  or  (III),  since  it  could  be  prepared  by  the  dehydra- 
tion of  dZ-nerolidol  (p.  562).  The  identity  of  the  natural  and 

*  Arch.  Pharm.  1897,  235,  289. 
f  J.C.8.  1904,  85,  414. 

%  The  name,  limene,  used  by  these  authors  must  be  replaced  by  bisabolene,  since 
Tucholka' s  hydrocarbon  is  identical  with  that  of  Burgess  and  Page. 
§  Ruzicka  and  Capato,  Helv.  Chim.  Acta,  1925,  8,  263. 
||  Ibid.  p.  259. 
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synthetic  hydrocarbons  was  confirmed  by  a  comparison  of  their 
trihy  drochlorides . 

CH3  CH2              .  CH3 

C     CH2  C     CH2  C  CH2 

AA  /x/\ 

HC     CH  CH2  H2C     CH  CH2  H2C     C  CH2 

III  III  III 
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H3C     CH3  H3C     CH3  H3C  CH3 

(I)  (II)  (III) 

(tx- Bisabolene)  ((S- Bisabolene)  (y-Bisabolene) 

Ruzicka  and  van  Veen*  found  later  that  both  the  natural  and 
synthetic  hydrocarbons  consisted  essentially  of  y-bisabolene 
(III).  When  bisabolene,  which  had  been  regenerated  from  the 
trihy  drochloride,  was  oxidised  with  ozone  in  acetic  acid  solution 
a  mixture  of  acetone  (IV)  and  laevulic  acid  (V),  together  with 
some  succinic  acid,  was  obtained.  These  two  substances  would 
result  directly  from  the  ozonolysis  of  (III),  but  would  require  a 
very  complete  degradation  of  either  (I)  or  (II)  for  their  formation. 
The  complete  absence  of  formaldehyde  and  of  formic  acid  proved 
that  a  hydrocarbon  having  the  structure  (II)  was  not  present. 
CH3  CH3 
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/  /%/\ 
H2C  03  H2C  A  C  CH2 
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H3C     CH3  (III) 
(IV) 

Direct  evidence  of  the  occurrence  of  the  ethylenic  linkage, 
A  in  (III),  was  obtained  in  the  following  manner.  It  had  been 
observed  by  Semmler  and  Rosenbergf  that  bisabolene,  on 
hydrogenation  in  acetic  acid  solution  in  the  presence  of  platinum 

*  Annalen,  1929,  468,  133,  143. 
f  Ber.  1913,  46,  769. 
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black,  gave  hexahydrobisabolene,  b.p.  123-125°/8  mm.,  d20°  0-8244, 
nD  1-45423.  If,  however,  cyclohexsucie  is  used  as  the  solvent,  then 
tetrahydrobisabolene  (VI),  b.p.  125°/15mm.,  d\o  0-857,  is  ob- 
tained. On  ozonolysis  this  hydrocarbon  yields  a  mixture  of 
methylheptanone  (VII)  and  4:-methyl-cyc\ohexanone  (VIII),  which 
were  identified  by  their  oxidation  with  sodium  hypobromite  to 
isoamylacetic  acid  (IX)  and  2-methyladipic  acid  (X)  respectively. 
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H3C  CH3 


(VIII) 

NaOBr 


NaOEr 


C02H  C02H 

(  H02C  NbH2 

I  I  I 

)  H2C     CH .  CH3 


I 

CH  (X) 

H3C  CH3 
(IX) 

Since  the  experiments  outlined  above  were  carried  out  both 
with  natural  bisabolene  and  with  bisabolene  regenerated  from 
the  trihydrochloride,  there  can  be  no  doubt  that  the  sesquiter- 
pene has  the  structure  represented  by  (III).  It  is  of  course 
possible,  as  Ruzicka  and  van  Veen  have  pointed  out,  that  this 
does  not  apply  to  all  natural  bisabolenes. 

Bisabolene  has  been  prepared  synthetically  by  Ruzicka  and 
Liguon.* 

Bisabolene  is  a  colourless  viscid  oil,  which  when  regenerated 
from  the  trihydrochloride  has  the  constants,  b.p.  133-134°/12mm., 
dll°  0-8717,  n2p  1-4923.  As  is  to  be  anticipated  from  its  con- 
stitution, the  molecular  refraction,  67-99,  shows  no  exaltation 
over  the  calculated  value  67-87. 

*  Helv.  Chim.  Acta,  1932,  15,  3. 
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In  addition  to  the  trihydrochloride,  bisabolene  yields  a 
trihydrobromide,  m.p.  84°,*  whilst  Schmidt  and  Weilingerf  have 
described  a  hexabromide,  m.p.  154°.  It  does  not  give  a  naphtha- 
lene derivative  on  dehydrogenation  with  sulphur  or  selenium, 
nor  does  it  react  with  ethyl  diazoacetate. 


ZINGIBERENE 

CH3 

CH  CH2 

HC/XCHXCH2 
I  I 

CH2  C. CH3 

\  \y 

CH  CH 


C 

H3C  CH3 

The  main  constituent  of  ginger  oil  (from  the  rhizomes  of 
Zingiber  officinale  Roscoe)  is  the  monocyclic  sesquiterpene,  zingi- 
berene,  C15H24 .  Possibly  owing  to  the  difficulties  associated  with 
its  identification,  it  has  only  been  found  to  be  present  in  one 
other  oil,  that  obtained  from  the  rhizomes  of  Curcuma  Zedoraria.% 
Zingiberene  was  first  described  by  Thresh  §  and  was  more 
thoroughly  investigated  by  v.  Soden  and  Rojahn||  and  by 
Schreiner  and  Kremers.H 

The  first  attempts  to  determine  its  constitution  were  due  to 
Semmler  and  Becker.**  From  its  physical  constants,  b.p. 
134°/14  mm.,  d20°  0-8684,  n™°  1-4956, [a]D-  73-38°,  [RL]D  68-37, 
C15H24F3  =  67-86,  it  was  evidently  a  monocyclic  terpene  con- 
taining three  ethylenic  linkages.  The  large  molecular  exaltation 
indicated  that  two  of  these  were  probably  conjugated,  and 
support  was  lent  to  this  by  the  preparation  of  a  dihydrochloride, 
m.p.  168°,  and  a  liquid  tetrabromide,  whilst  on  reduction  with 
sodium  in  alcoholic  solution  dihydrozingiberene,  C15H26,  b.p.  122- 

*  Wallach,  Annalen,  1909,  368,  20. 
f  Ber.  1906,  39,  657. 

%  Rao,  Shintre  and  Simonsen,  J. 8. C.I.  1928,  47,  171  T. 
§  Pharm.  J.  1881,  12,  243. 
||  Pharm.  Ztg.  1900,  45,  414. 
H  Pharm.  Arch.  1901,  4,  63,  141,  161. 
**  Ber.  1913,  46,  1816. 
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125°/7  mm.,  d20°  0-8557,  nD  1-4837,  [a]D  -  37°,  was  obtained. 
This  hydrocarbon  no  longer  shows  any  molecular  exaltation. 
The  saturated  hydrocarbon,  hexahydrozingiberene,  C15H30,  b.p. 
128-130°/11  mm.,  d20°  0-8264,  7^  1-4560,  [a]D  -  10-12°,  was 
prepared  by  the  catalytic  hydrogenation  of  zingiberene  in  acetic 
acid  solution  in  the  presence  of  platinum.  Whilst  the  experiments 
of  Semmler  and  Becker  thus  showed  that  zingiberene  was  a 
monocyclic  hydrocarbon  with  three  ethylenic  linkages,  two  of 
which  were  conjugated,  they  threw  no  light  on  its  structure.  We 
owe  the  determination  of  its  constitution  to  the  ingenious  ex- 
periments of  Ruzicka  and  van  Veen.* 

The  difficulties  encountered  in  the  elucidation  of  its  constitu- 
tion were  enhanced  by  the  observation  that  zingiberene  from 
ginger  oil  is  never  homogeneous,  but  always  contains  a  small 
quantity  of  bisabolene,  from  which  it  cannot  be  separated.  The 
quantity  of  this  hydrocarbon  present  in  the  mixture  cannot  be 
large  for  the  following  reasons :  (i)  no  difficulty  is  experienced  in 
obtaining  pure  dihydrozingiberene,  although  bisabolene  is  not 
reduced  under  the  conditions  used  in  its  preparation ;  (ii)  very 
little  bisabolene  trihydrochloride  is  formed  when  zingiberenef  is 
treated  with  hydrogen  chloride;  and  (iii)  when  zingiberene  is 
treated  with  ethyl  diazoacetate  the  greater  portion  of  the 
hydrocarbon  reacts,  although,  as  mentioned  on  p.  494,  bisabolene 
will  not  condense  with  this  ester. 

When  zingiberene  is  oxidised  with  ozone  it  yields  the  same 
products  as  bisabolene  (I),  namely  laevulic  acid  and  acetone, 


CH3 

CH  CH2 


*  Annalen,  1929,  468,  143. 

f  The  name  zingiberene  will  be  used  for  the  natural  hydrocarbon,  although  it  is 
actually  a  mixture  of  zingiberene  and  bisabolene. 
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together  with  a  little  succinic  acid.  This  indicates  that  zingi- 
berene  has  the  same  carbon  skeleton  as  bisabolene.  This  was 
confirmed  by  the  observation  that,  when  zingiberene  was  de- 
ny drogenated  with  palladium  (see  p.  499)  and  the  resulting 
hydrocarbon  oxidised  with  chromic  acid,  only  terephthalic  acid 
was  obtained  with  no  traces  of  either  benzene  tri-  or  tetra- 
carboxylic  acids.  It  was  found  also  that  the  conjugated  ethylenic 
linkages  must  be  situated  in  the  side  chain  and  not  in  the  ring, 
since  the  acid,  C17H2602,  b.p.  120-180°/0-2  mm.,  obtained  by  the 
hydrolysis  of  the  condensation  product  of  zingiberene  with  ethyl 
diazoacetate,  gave  acetone  on  ozonolysis.  Further,  when  this 
condensation  product  was  catalytically  hydrogenated,  and  then 
oxidised  with  chromic  acid,  only  terephthalic  acid  was  formed. 
These  results  are  simply  explained  if  the  condensation  product 
be  represented  by  the  skeleton  formula  (II),  the  position  of  one 
of  the  ethylenic  linkages,  which  must  be  in  the  ring,  remaining 
to  be  determined. 

CH3 
CH  C 

H5C202C.CH  |      |  | 

\CH  C  C.C 


CH  C 

h 

/\ 
H3C  CH3 

(II) 

If  this  be  accepted,  then  there  are  three  possible  representa- 
tions for  zingiberene — (III),  (IV)  and  (V). 


CH3  CH3 


CH  CH2 


\h, 

II      I      I  II      II      I  II      I  I 

HC     CH2C.CH,  HC     CH  CH.CH3  HC     CH  CH.CH3 


\  V  \  \y  \  v 

CH  CH  CH  CH2  CH  CH 

I  I  I 


H3C     CH3  H3C     CH3  H3C  CH3 

(III)  (IV)  (V) 
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It  was  mentioned  above  that,  when  zingiberene  was  reduced 
with  sodium  in  alcoholic  solution,  dihydrozingiberene  was 
obtained,  which  results  from  the  reduction  of  one  of  the  con- 
jugated ethylenic  linkages.  This  hydrocarbon  must  be  repre- 
sented by  either  (VI),  (VII)  or  (VIII),  since  it  yields  on  ozonolysis 


CH3 


CH»  CH  CHo  CH  CHS 


H2C     CH  CH2  H2C     C     CH2  H2C     CH  CH2 

w'1     CH2C.CH3  H2C     llH  CH.CH3  H2C     CH  CH.CH3 


H  CH  CH  CH2  CH  CH 

II  II  II 

c  c  c 

H3C     CH3  H3C     CH3  H3C  CH3 

(VI)   I  (VII)    I  (VIII)  1 

I  KMn04  I  KM11O4  I  KMn04 

CHq  CH,  CH3 

I  CH2 
CH 


H2C//NCHXCH2  H2C  CO  \h2  HjjC^^CH  \h2 

III  I  I  II 

H2C     CH2CO.CH3  H2C  C02H  CH.CH, 

Xco> 


2H\  C02H\y 

C02H  CH2  CU2 

(IX)    I  NaOBr  (X)  (XI) 

CH3 
I 


H2C     CH  CH2 
H2C     CH2  C02H 

coaik 

C02H 
(XII) 

acetone,  laevulic  and  succinic  acids.  If,  however,  it  is  oxidised 
with  potassium  permanganate  in  acetone  solution,  then  an  acid 
is  obtained  from  which  a  methyl  ester,  C14H2405,  b.p.  140- 
155°/0-3  mm.,  can  be  prepared.  This  must  be  the  dimethyl  ester 
of  a  ketonic  dibasic  acid,  C12H20O5,  having  the  constitution  (IX), 
as  it  yields  on  oxidation  with  sodium  hypobromite  a  tricarboxylic 
acid,  CnH1806  (XII).  An  acid  of  this  composition  can  result  only 

STII  32 
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by  the  degradation  of  a  hydrocarbon  (VI) ;  a  hydrocarbon  (VII) 
would  yield  a  ketonic  acid  (X),  in  which  the  carbonyl  group 
would  form  part  of  a  long  chain,  whilst  (VIII)  would  give  rise 
directly  to  a  tricarboxylic  acid  (XI).  It  follows,  therefore,  that 
zingiberene  must  be  represented  by  formula  (III),  but,  as  it  is 
not  possible  to  prepare  zingiberene  free  from  bisabolene,  it  is  of 
course  not  impossible  that  it  contains  small  quantities  of  the 
isomeric  hydrocarbons  (IV)  and  (V). 

Zingiberene  is  most  conveniently  characterised  by  the  pre- 
paration of  the  dihydrochloride,  m.p.  169-170°.  This  is,  however, 
not  a  true  derivative  of  zingiberene,  and,  on  removal  of  hydrogen 
chloride,  an  isomeric  dicyclic  hydrocarbon,  ^ozingiberene,  b.p. 
120-123°/8  mm.,  d20°  0-9150,  nD  1-5034,  [a]D  -  41°,  is  obtained.* 
This  hydrocarbon  results  also  when  zingiberene  is  treated  with 
acetic -sulphuric  acid  at  60°.  Its  constitution  has  not  been  deter- 
mined, but  it  is  probably  represented  by  (XIII).  It  cannot  be 

CH3 

CH  CH2 

HC/N^HNCH2 

II      I  I 
HC     CH  C.CH, 

vv 

CH  CH 

L 

H3C  CH3 
(XIII) 

reduced  by  sodium  in  alcoholic  solution,  but  on  catalytic  hydro- 
genation tetrahydr oisozingiberene,  C15H28,  b.p.  123-123-5°/10mm., 
d20°  0-8822,  ^  1-4791,  [a]D+  4-36°,  results.  This  hydrocarbon 
must  be  identical  with  tetrahydrocadinene  (p.  506)  and  their 
physical  constants  are  in  good  agreement. 

Zingiberene  is  a  colourless  oil,  which  on  keeping  tends  to 
resinify.  When  it  is  treated  with  hydrogen  bromide  it  yields  a 
dihydrobromide,  m.p.  175°,  which,  like  the  dihydrochloride,  is  a 
derivative  of  isozingiberene. 

Schreiner  and  Kremers  have  described  a  nitrosochloride, 
m.p.  93-94°,  two  nitrosites,  m.p.  120-121°  and  105°,  and  a 
nitrosate,  m.p.  86-88°. 

*  Semmler  and  Becker,  Ber.  1913,  46,  1918. 
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Zingiberene  differs  from  bisabolene  in  that,  when  it  is  de- 
hydrogenated  with  sulphur,  it  gives  an  excellent  yield  of  cada- 
lene.*  On  catalytic  dehydrogenation  with  a  palladium  catalyst 
at  345-360°,  2-methyl-6-(p-tolyl)-heptane,  b.p.  135°/12  mm.,  is 
obtained. 

Zingiberene  resembles  the  acyclic  hydrocarbon,  myrcene 
(vol.  i,  p.  12),  since,  when  it  is  heated  in  admixture  with  isoprene 
at  215°  in  a  sealed  tube,  cyclisation  and  polymerisation  occur. 
Semmler  and  Beckerf  found  the  products  of  the  reaction  to  be 
a  dicyclic  terpene,  metazingiberene,  C15H24,  b.p.  100-150°/11  mm., 
d20°  0-8927,  nD  1-4968,  [a]D  +  6-5°,  a  diterpene,  C20H32,  b.p.  150- 
200°/ll  mm.,  d20°  0-9085,  nD  1-5037,  [a]D  -  13°,  formed  possibly 
by  the  condensation  of  zingiberene  and  isoprene,  and  a  dizingi- 
berene,  C^R^,  b.p.  260-280°/ll  mm.,  d20°  0-9287,  ^1-5187, 
W\d  ~  5°.  There  is  no  evidence  that  any  of  the  substances 
prepared  by  Semmler  and  Becker  were  homogeneous. 

BrooksJ  has  separated  from  ginger  oil  an  alcohol,  zingiberol, 
C15H260,  b.p.  154-157°/14-5  mm.,  which  is  apparently  a  deriva- 
tive of  either  zingiberene  or  isozingiberene,  since,  on  dehydra- 
tion, it  yields  a  hydrocarbon,  C15H24 ,  giving  zingiberene  dihydro- 
chloride  on  treatment  with  hydrogen  chloride. 

THE  CURCUMENES 

In  1926  Rao,  Shintre  and  Simonsen§  separated  from  the 
essential  oil  occurring  in  the  rhizomes  of  Curcuma  aromatica 
Salisb.  a  sesquiterpene,  to  which  they  gave  the  name  Z-curcu- 
mene.  The  hydrocarbon,  which  was  characterised  by  the  pre- 
paration of  a  number  of  crystalline  derivatives,  was  considered 
to  be  homogeneous,  but  later  Rao  and  Simonsen||  showed  that 
it  consisted  of  a  mixture  of  two  monocyclic  hydrocarbons, 
C15H24,  which  they  have  designated  l-a-  and  £-/3-curcumenes. 
These  hydrocarbons  cannot  be  separated  by  fractional  distilla- 
tion, but  this  has  been  effected  through  their  crystalline 
derivatives. 

l-a-Curcumene  can  be  separated  from  the  original  mixture  of 
sesquiterpenes,  b.p.  127-129°/6  mm.,  dl00l  0-8760,  n™*  1-4929, 

*  Ruzicka,  Meyer  and  Mingazzini,  Helv.  Chim.  Acta,  1922,  5,  345. 

f  Ber.  1913,  46,  1821.  J  J.  Amer.  C.S.  1916,  38,  430. 

§  J.  Ind.  Inst.  Sci.  1926,  9  A,  140.  ||  J. C.S.  1928,  p.  2496. 
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[a]D  —  25- 9°,  by  two  distinct  methods.  If  the  original  sesqui- 
terpene is  treated  with  hydrogen  chloride  in  acetic  acid  solution 
a  crystalline  trihydrochloride,  derived  from  Z-j8-curcumene  (see 
below)  and  a  liquid  monohydrochloride,  b.p.  150-155°/8  mm.,  are 
obtained.  The  latter,  when  treated  with  sodium  acetate  in  acetic 
acid  solution,  yields  Z-a-curcumene,  b.p.  118-120°/5  mm., 
daJo  0-8690,  n™0  1-4926,  [«]^°°  -  22-1°.  This  hydrocarbon  can, 
however,  be  prepared  in  a  higher  state  of  purity  by  the  following 
method. 

The  original  sesquiterpene  gave  a  nitrosate,  m.p.  101°, 
[a]z)°  —  20-4°  (in  chloroform),  nitrolbenzylamine,  m.p.  102-104°, 
lafi>  —  19*5°,  which,  by  the  action  of  potassium  hydroxide  in 
alcoholic  solution,  was  converted  into  l-oximino-a-curcumene, 
b.p.  182-185°/7  mm.,  d^l  0-9817,  1-5134,  [af^  -  27-2°, 
benzoyl  derivative,  m.p.  84-85°.  On  reduction  with  sodium  in 
alcoholic  solution  Z-oximino-a-curcumene  gave  \-dihydro-a- 
curcumylamine,  b.p.  151-152°/17  mm.,  djj  0-9026,  tig"  1-4983, 

30° 

[«]iu  -  22-2°,  which  was  characterised  by  the  preparation  of  a 
hydrogen  oxalate,  m.p.  143-144°,  and  an  acetyl  derivative,  m.p. 
109-110°.  The  base  was  converted  into  the  trimethylammonium 
iodide,  m.p.  163-164°,  and  the  hydroxide  of  this,  on  distillation 
under  diminished  pressure,  gave  a  mixture  of  Z-a-curcumene 
and  l-dimethyldihydro-a-curcumylamine,  b.p.  130-140°/15  mm., 
dl°0l  0-8824,  n™°  1-4931,  [a]™°  -  23-0°. 

Z-a-Curcumene,  b.p.  128-130°/9  mm.,  d^l  0-8633,  n^°  1-4944, 
Mz?  ~  22-9°,  is,  from  its  physical  constants,  [BL]D  =  68-23, 
probably  a  monocyclic  hydrocarbon  containing  three  ethylenic 
linkages.  The  presence  of  these  has  been  proved  by  its  quantita- 
tive oxidation  with  benzoyl  hydroperoxide  and  by  catalytic  hy- 
drogenation  to  hexahydro-a-curcumene,  C15H30,  b.p.  128°/7  mm., 
d3QO  0-8283,  nD  1-4952.  These  ethylenic  linkages  cannot  be  con- 
jugated, since  the  hydrocarbon  is  not  reduced  by  sodium  in 
alcoholic  solution.  Z-a-Curcumene  is  extremely  stable  and  is  not 
isomerised  when  heated  at  330°  under  pressure.  In  chloroform 
solution  only  one  molecule  of  bromine  is  absorbed  with  the 
formation  of  a  liquid  monobromide.  It  does  not  yield  a  naphtha- 
lene hydrocarbon  on  dehydrogenation  with  sulphur  or  selenium. 

\-fi-Curcumene  was  obtained  when  the  crystalline  triliydro- 
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chloride,  m.p.  84-85°,  [af^  —  26-04°  (in  chloroform),  was  treated 
with  sodium  acetate  in  acetic  acid  solution.  It  boils  at  128- 
130°/6  mm.,  dl00l  0-8810,  n™°  1-4940,  -  27-9°,  and  like 

a-curcumene  it  contains  three  ethylenic  linkages.  The  presence 
of  these  was  proved  (i)  by  quantitative  oxidation  with  benzoyl 
hydroperoxide,  (ii)  by  titration  with  bromine  in  chloroform  solu- 
tion, when  a  liquid  hexabromide  was  formed,  and  (iii)  by  catalytic 
hydrogenation  to  hexahydro-p-curcumene,  b.p.  128°/7  mm., 
dl°0l  0-8283,  n™*  1-4582,  [a]^0°+6-3o.  J-/3-Curcumene  yields  a 
trihydrobromide,  m.p.  73-74°.  Unlike  a-curcumene,  jS-curcumene 
is  extremely  unstable,  it  is  isomerised  when  heated  at  380°  under 
pressure  and  also  by  the  action  of  sodium  in  alcoholic  solution, 
the  hydrocarbon,  b.p.  129-130°/7  mm.,  df0l  0-8780,  1-4936, 
no  longer  giving  a  crystalline  hydrochloride.  When  it  is  warmed 
with  sulphuric  acid  (10  per  cent.),  a  dicyclic  sesquiterpene, 
b.p.  115-11777mm.,  ^  0-8932,  n™°  1-4936,  [agf  -  11-9°,  is 
obtained,  which  does  not  yield  any  crystalline  derivatives. 
Dehydrogenation  of  /3-curcumene  with  sulphur  or  selenium  does 
not  give  naphthalene  hydrocarbons  and  the  structure  of  the 
sesquiterpene  has  not  been  determined. 


B.  DICYCLIC  HYDROCARBONS 
CADINENE 

CH3  CH3 
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The  sesquiterpene,  cadinene,  C15H24,  has  been  found  to  occur 
very  widely  distributed  in  nature.  It  forms  the  main  constituent 
of  oil  of  cubebs  (from  Piper  Cubeba  L.)  and  it  was  first  separated 
from  this  oil  by  Souberain  and  Capitaine,*  who  prepared  from  it 

*  Annalen,  1840,  34,  323. 
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a  crystalline  hydrochloride ;  it  was  studied  later  by  a  number  of 
investigators.*  It  remained,  however,  for  Wallachf  to  give  it 
the  name  cadinene  and  to  show  that  it  occurred  also  in  a 
number  of  other  oils — galbanum  oil,  oil  of  cade,  etc.  He  showed 
further  that  it  could  be  obtained  pure  by  regeneration  from  the 
hydrochloride  by  the  action  of  aniline. 

Although  the  formation  of  a  crystalline  dihydrochloride  and 
the  physical  constants  of  the  hydrocarbon  J  showed  the  presence 
of  two  ethylenic  linkages,  and  tentative  formulae  were  suggested 
by  Semmler,§  no  direct  evidence  as  to  its  constitution  was 
available  prior  to  the  researches  of  Ruzicka  and  his  collaborators. 
The  early  attempts  at  degradative  oxidation  met  with  little 
success.  Wallach  ||  found  that  with  chromic  acid  only  fatty  acids 
were  obtained,  whilst  Semmler  and  JonasH  could  obtain  no  well- 
characterised  derivatives  on  ozonolysis.  In  1923  Ruzicka, 
Schinz  and  Meyer**  observed  that,  when  the  hydrocarbon  was 
oxidised  with  manganese  dioxide  and  sulphuric  acid,  mellophanic 
acid  (II)  and  trimellitic  acid  (III),  together  with  benzene  penta- 
carboxylic  acid,  were  formed.  The  latter  acid  resulted  evidently 
from  some  secondary  reaction.  Of  greater  interest,  however,  was 
the  discovery  by  Ruzicka  and  Meyerff  that,  on  dehydrogenation, 
cadinene  gave  cadalene  (I).  The  nature  of  the  carbon  skeleton  in 
cadinene  was  thus  established  and  it  only  remained  to  determine 
the  position  of  the  two  ethylenic  linkages  in  the  hexahydro- 
cadalene. 

C02H  CH3 

H02C-/^ 
-CH3  H02C- 


|  W 
C02H  CH  (III) 

(II)  H3d/NCH3  (I) 

*  Inter  al.  Gerhardt,  Traite,  1854,  in,  634;  Lallemand,  Annalen,  1860,  114,  193 
Berthelot,  Bull.  Soc.  chim.  1869  [ii],  11,  30;  Schmidt,  Arch.  Pharm.  1870,  191,  32 
Oglialoro,  Gazzetta,  1875,  5,  467;  Gladstone  and  Dale,  Phil.  Trans.  1863,  p.  317 
J.C.8.  1867,  20,  1. 

t  Annalen,  1887,  238,  78.  %  Briihl,  Ber.  1888,  21,  163. 

§  Die  Atherischen  Olc,  n,  563;  Ber.  1914,  47,  2558. 
||  Annalen,  1887,  238,  87.  H  Ber.  1914,  47,  2078. 

**  Helv.  Chim.  Acta,  1923,  6,  1077. 

|f  Ibid.  1921,  4,  505;  compare  Ruzicka,  Meyer  and  Mingazzini,  ibid.  1922,  5,  357. 
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Evidence  was  already  available  of  the  position  of  one  of  these. 
It  had  been  observed  by  Semmler  and  Stenzel*  that  the  tricyclic 
hydrocarbon,  copaene  (p.  537),  which  gave  with  hydrogen 
chloride  cadinene  dihydrochloride,  had  an  ethylenic  linkage 
adjacent  to  the  isopropyl  group.  Cadinene  must  therefore  have 
the  skeleton  (IV)  and,  if  it  be  assumed  that  the  second  ethylenic 
linkage  is  in  the  same  ring,  then  formulae  (V)-(IX)  are  possible 


representations. 

CH3  CH3 

I                                    CH  CH2  A  CH2 

Aa  ^\y\ 

H2C     CH  CH2  HC     CH  CH2 

III  III 

HC     CH  CH.CHo  HC     CH  CH.CH 

YX  YX  ' 

A  L 

(IV)                            /\  /\ 

H2C     CH3  H3C  CH3 

(V)  (VI) 

CH9                                                                                                         CHq  CHq 

I                I  I 

C    CH2                            C    CH2  CH  CH2 

H2C     CH  CH2                   H2C     C     CH2  H2C     C  CH2 

III                           III  I      II  I 

HC     CH  CH.CH3              HC     CH  CH.CH,  HC     C  CH.CH 

VV              w  x/\/ 

C     CH2                            C     CH2  C  CH2 

/\                                 /\  /\ 

H3C     CH3                         H3C     CH3  H3C  CH3 

(VII)                             (VIII)  (IX) 


Of  these  (V)  and  (VI)  can  be  rejected,  since  they  contain  a 
conjugated  system  of  ethylenic  linkages,  which  cannot  be  correct, 
as  cadinene  is  not  reduced  by  sodium  in  alcoholic  solution. 
A  reinvestigation  of  the  products  of  ozonolysis,  although  not 
leading  to  well-defined  products,  afforded  conclusive  evidence 
that  the  second  ethylenic  linkage  could  not  be  situated  in  the 
same  ring  as  the  first.  Cadinene  can  then  only  have  formulae 
(X)-(XIV). 

Of  the  possible  formulae  on  p.  504,  that  represented  by  (XIV) 

*  Ber.  1914,  47,  2560. 
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can  be  eliminated,  since  it  contains  a  conjugated  system  of  ethy- 
lenic  linkages,  whilst  a  hydrocarbon  having  formula  (XI)  would 
be  isomerised  by  acids  to  (XII),  whereas  cadinene  is  not  affected, 
when  warmed  with  dilute  sulphuric  acid  (10  per  cent.).  By  the 
oxidation  of  cadinene  with  ozone,  Ruzicka  and  Stoll*  obtained 
a  mixture  of  acids,  which,  on  esterification,  gave  a  diethyl  ester 
having  the  composition  C19H30O5 ,  or  C19H3205 ,  corresponding  to 

CHq  CHo 

I  I 

CH  CH  CH  CH 


C     CH2  H2C     CH  CH  j.i2vy  vyxx 

HC     CH  CH.CH3  HC     CH  CH.CH,  HC     C  CH.CH3 

w  vv  vv 

C    CH2  C     CH9  C  CH 


Ah 


ch  Ah 

}C     CH3  H3C     CH3  H3C  CH3 

(X)  (XI)  (XIV) 


CH, 

CH, 


H2C     CH  CH  H2C     CH  CH2 

I      I      II  III 
HC     CH  C.CH3  HC     CH  C 


C    CH2  C  CH 

I  I 
CH  CH 


H3C     CH3  H3C  CH3 

(XII)  (XIII) 


an  acid,  C15H2205,  or  C15H2405.  This  acid  must  contain  all  the 
carbon  atoms  present  in  cadinene  and  it  cannot  therefore  possibly 
originate  from  (VII),  (VIII)  or  (IX).  Ozonolysis  of  the  three 
hydrocarbons  represented  by  (X),  (XII)  and  (XIII)  would  lead 
in  the  first  instance  to  the  diketonic  dicarboxylic  acids,  G^H^Og , 
represented  by  (XV),  (XVI)  and  (XVII). 

The  acid  obtained  on  ozonolysis  has,  however,  the  composition 
C15H2205,  which  shows  that  loss  of  water  must  have  occurred 
from  the  oxidation  product.  This  is  analogous  to  the  change 

*  Helv.  Chim.  Acta,  1923,  7,  86. 
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observed  by  Harries  and  Neresheimer  in  the  oxidation  of 
limonene  (vol.  I,  p.  128),  and  the  dibasic  acid  obtained  from 


CH3 
CH  CH 


CH9 


Hi 


I  I 

CH  CH.CH, 


I 

CH 


H3C 


CH3 
(X) 


CH3 

I 

CH  C02H 


H2C 

I 


CO  CH2 
I  I 

CH  CH.CH, 


OC  CH2 
CH 


H3C 


CH3 
(XV) 


CH3 

CH  CH2 

H2C/XCHXCH 

I      I  II 
HC     CH  C.CH, 


H,C 


C 

I 

CH 


CH, 


(8-Cadinene) 
(XII) 


CH3 

CH  CH2 


I  I 

H02C     CH  C0.CHa 

I 

CH 

/\ 
H3C  CH3 

(XVI) 


-  H20  || 
 >      H02C  CH 

H3CX  /\ 

>CH-C  CH2 

l/       II  I 
HC  CO 

(XVIII) 


CH  CH2 

I  I 

CH  C.CH, 


(cc-Cadinen?) 
(XIII) 


H2C     CH  CH2 
[09C     CH  CO.CH, 


CH3 

CH  CH9 


CH  C.C0.CH„ 


CH 


CH3 
(XVII) 


02C  CH-C 

/  I 
H02C  CH 


H3C  CHa 
(XIX) 


cadinene  is  probably  represented  by  either  (XVIII)  or  (XIX), 
when  cadinene  would  have  either  formula  (XII)  or  (XIII),  which 
Ruzicka  designates  j8-  and  a-cadinene  respectively.  It  is  not 
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improbable  that  cadinene  is  a  mixture  of  these  two  hydrocarbons, 
which  would  both  yield  the  same  dihydrochloride  (XX), 

CH3 

CH  CH2 
HoC     CH  CH2 


Cadinene  has  not  been  prepared  synthetically.  It  can  be 
identified  by  the  preparation  of  the  dihydrochloride,  m.p.  117- 
118°,  [a]D  —  36-24°.  The  hydrocarbon  is  a  somewhat  viscid 
colourless  oil  and,  when  purified  through  its  dihydrochloride,  has 
b.p.  134-136°/11  mm.,  d2f  0-9819,  n™*  1-5079,  [a]M61  -  125-2°;* 
for  the  dextrorotatory  hydrocarbon  from  West  Indian  sandal- 
wood oil,  Deussenf  gives  the  values  b.p.  138-140°/13  mm., 
d1Q°  0-9260,  np°  1-50934,  aD  +  38-72°.  Cadinene  is  extremely 
stable  and  when  heated  under  pressure  at  330°  is  not  altered. % 

As  mentioned  above,  cadinene  cannot  be  reduced  with  sodium 
in  alcoholic  solution,  whilst  with  hydriodic  acid  and  red  phos- 
phorus it  gives  a  hydrocarbon,  b.p.  270-275°/750  mm.,  dls°  0-872, 
nD  1-47439,  which  has  not  been  identified.  §  On  catalytic  hydro- 
genation  in  the  presence  of  platinum,  tetrahydrocadinene,  C15H28 , 
b.p.  125-128°/10mm.,  d20°  0-8838,  n™*  1-48045,  aD  -  20°,  is 
obtained. 1 1  It  is  interesting  to  note  that  d-cadinene  also  yields 
a  Zaevorotatory  tetrahydrocadinene,  b.p.  135-137°/14  mm., 
dw°  0-88736,  tl£  1-48157,  aD  -  10-07°.H  Tetrahydrocadinene 
can  be  prepared  also  by  the  reduction  of  cadinene  dihydro- 
chloride.   Cadinene  on  dehydrogenation  with  sulphur  yields 

*  Henderson  and  Robertson,  J.C.S.  1924,  125,  1992. 
f  J.  pr.  Chem.  1928  [ii],  120,  121. 
X  Semmler  and  Jakubowicz,  Ber.  1914,  47,  2258. 
§  Wallach  and  Walker,  Annalen,  1887,  238,  80. 

||  Semmler  and  Jonas,  Ber.  1914,  47,  2071 ;  Ruzicka,  Meyer  and  Mingazzini,  Helv. 
Chim.  Acta,  1922,  5,  357. 

11  Deussen,  J.  pr.  Chem.  1928  [ii],  120,  121. 
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cadalene  and  this  change  can  be  effected  also  with  selenium*  or 
with  platinum  at  300-3 10°. t 

No  experiments  have  been  reported  on  the  oxidation  of 
cadinene  with  potassium  permanganate  and  reference  has  been 
made  already  to  the  results  obtained  on  ozonolysis  and  by  the 
action  of  chromic  acid.  With  chromyl  chloride,  it  yields  an 
additive  compound  having  the  composition  C15H24 ,  2|Cr02Cl2 , 
which,  on  decomposition  with  water,  yields  a  liquid  acid  and  a 
neutral  oil.  J 

Cadinene  reacts  very  readily  with  the  halogens,  but  no 
crystalline  derivative  has  been  prepared.  The  dihydrochloride 
is  obtained  when  the  hydrocarbon  is  treated  with  hydrogen 
chloride  in  either  ethereal  or  acetic  acid  solution  and,  since 
cadinene  can  be  regenerated  from  it  by  the  action  of  either 
sodium  acetate  or  aniline,  its  preparation  affords  a  convenient 
method  for  the  purification  of  the  sesquiterpene.  When  the 
dihydrochloride  is  treated  with  magnesium  it  yields  a  hydro- 
carbon, C15H26,  b.p.  130-135°/11  mm.,  d  0-9083,  together  with 
impure  cadinene.  §  By  the  action  of  silver  acetate  on  the 
dihydrochloride  Henderson  and  Robertson  ||  prepared  cadinene 
glycol,  m.p.  194-195°,  a  small  quantity  of  a  tertiary  alcohol, 
probably  cadinol,  being  formed  simultaneously. 

Cadinene  dihydrobromide  melts  at  124-125°,  [a]D  —  36-13°, 
and  the  dihydriodide  at  105-106°,  [a]D  -  48°.!f 

Although  cadinene  is  not  altered  when  digested  with  sulphuric 
acid  in  alcohol  solution  (10  per  cent.),**  it  is  isomerised  when 
treated  with  the  Bertram-Walbaum  mixture,  with  acetic  acid  at 
230-235°  under  pressure  or  with  formic  acid  at  100°.tt  The 
hydrocarbon,  isocadinene,  obtained  in  these  reactions,  has  been 
investigated  by  Henderson  and  Robertson  {J  and  has  been  found 
to  be  identical  with  that  isolated  by  Troger  and  Feldman§§  and 

*  Diels  and  Karstens,  Ber.  1927,  60,  2325. 
f  Ruzicka  and  Stoll,  Helv.  Chim.  Acta,  1923,  7,  90. 
X  Gibson,  Robertson  and  Sword,  J.C.8.  1926,  p.  164. 
§  Deussen,  J.  pr.  Chem.  1927  [ii],  117,  303. 
||  J.C.8.  1924,  125,  1992. 
U  Wallach,  Annalen,  1887,  238,  151. 
**  Ruzicka  and  Stoll,  Helv.  Chim.  Acta,  1923,  7,  92. 

ff  Henderson  and  Robertson,  J.C.8.  1924,  125,  1992.  Robertson,  Kerr  and  Hen- 
derson, Ibid.  1925,  126,  1946. 

Xt  Ibid.  1926,  p.  2811.  §§  Arch.  Pharm.  1898,  236,  692. 
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Lepeschkin*  from  oil  of  cade,  and  which  was  later  prepared 
synthetically  by  Ruzicka  and  Capatof  from  nerolidol  and 
bisabolene  (p.  562).  The  identity  of  the  three  hydrocarbons  is 
shown  by  a  comparison  of  their  constants : 

b.p./ll-12  mm. 

isoCadinene                            124-126°  0-914  1-515 

Cade  oil  sesquiterpene              124-128°  0-918  1-515 

Synthetic  terpene                   125-126°  0-916  1-509 

?'soCadinene  differs  from  cadinene  in  that  it  does  not  yield  a 
crystalline  hydrochloride,  but  it  is  a  hexahydrocadalene,  since 
on  dehydrogenation  cadalene  is  obtained.  Robertson  and 
Henderson  suggest  that  it  is  possibly  represented  by  (XXI),  but 
no  direct  proof  of  this  is  available. 

CH3 

/\/\2 
H2C     C  CH2 

I      II  I 
H2C     C     C .  CH3 

^CH^CH 
I 

CH 


H3C  CH3 
(XXI) 

Cadinene  nitrosochloride,  m.p.  93-94°,  and  niirosate,  m.p.  105- 
110°,  have  been  described  by  Schreiner  and  Kremers.} 

SELINENE 

CH2 

CH2 


H2C  CH  CH.Cf 

I  I  XCH3 


H2C 


C  CH, 


CH2  CH3  CH2 

In  1897  Ciamician  and  Silber§  observed  that  celery  oil  (from 
the  fruit  of  Apiium  graveolens)  contained  a  sesquiterpene, 
C15H24,  which  was  later  characterised  by  Schimmel  and  Co.||  by 

*  J.  Buss.  Phys.  Chem.  Soc.  1908,  40,  26.  f  Hdv.  Chim.  Acta,  1925,  8.  289. 
$  Pharm.  Arch.  1899,  2,  300.  §  Ber.  1897,  30,  496,  1472. 

II  SchimmeVs  Beport,  1910,  April,  p.  95. 
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the  preparation  of  a  crystalline  dihydrochloride,  m.p.  72-74°,  and 
given  the  name  selinene.  Valuable  additions  to  our  knowledge  of 
the  hydrocarbon  resulted  from  the  investigations  of  Semmler  and 
Risse.*  They  were  able  to  confirm  Schimmel  and  Co.'s  observa- 
tion, that  the  natural  hydrocarbon  and  that  regenerated  from 
the  dihydrochloride  differed  in  their  physical  properties,  and 
they  designated  the  former  ^-selinene  and  the  latter  a-selinene. 

B.P.  d*°°  nf  aD 

j8-Selinene  136-1 39°/ 17  mm.  0-9107  1-50311  31-36° 

a-Selinene  128-132°/11  mm.  0-9190  1-50920  61-36° 

The  molecular  refraction  (66-28)  of  the  two  hydrocarbons 
indicated  that  they  were  dicyclic  and  contained  two  ethylenic 
linkages.  This  was  confirmed  by  the  reduction  of  the  dihydro- 
chloride with  sodium  in  alcoholic  solution  to  tetrahydroselinene, 
C15H28,  b.p.  125-126°/10  mm.,  d20° 0-8889,  1-48375,  aD  +  1-12°, 
the  same  hydrocarbon  being  obtained  by  the  catalytic  hydro- 
genation  of  selinene. 

The  difference  in  the  physical  properties  of  a-  and  /3-selinene 
was  due  evidently  to  a  difference  in  structure,  and  this  was  con- 
firmed by  a  study  of  the  products  formed  on  ozonolysis.  When 
/?-selinene  (natural  selinene)  was  oxidised  with  ozone  it  gave  a 
diketone,  C13H20O2,  which  after  purification  through  its  disemi- 
carbazone,  m.p.  222°,  had  b.p.  123-125°/0'2  mm.,  d\T  1'0575, 
n1^  1-4999.  This,  on  further  oxidation  with  sodium  hypobromite, 
yielded  a  tricarboxylic  acid,  C12H1806,  m.p.  188°.  a-Selinene, 
on  the  other  hand,  gave  a  diketonic  monobasic  acid,  C14H2204 , 
which  was  purified  through  its  methyl  ester,  C15H2404,  b.p.  185- 
190°/11  mm.,d20°  1-0635,^  1-47889,  a^  +  4-240.  This  diketonic 
acid  gave  on  oxidation  with  sodium  hypobromite  the  same  tri- 
carboxylic acid,  m.p.  188°,  as  had  been  prepared  from  /3-selinene. 

It  was  pointed  out  by  Ruzicka  and  Stoll|  that  these  results 
can  be  simply  explained  if  it  be  assumed  that  in  jS-selinene  (I) 

*  Ber.  1912,  45,  3301,  3725;  1913,  46,  599. 

The  natural  hydrocarbon  found  by  Baker  and  Smith  (J.  Proc.  Roy.  Soc. 
New  South  Wales,  1911,  45,  157;  compare  Semmler  and  Jonas,  Ber.  1913,  46, 
2029;  Semmler  and  Risse,  ibid.  2303)  in  many  eucalyptus  oils,  to  which  the  name 
eudesmene  was  given,  must  be  identical  with  one  of  the  selinenes  but  its  consti- 
tution has  not  been  determined  (compare  Ruzicka,  Wind  and  Koolhaas,  Helv. 
Chim.  Acta,  1931,  14,  1138  footnote). 

f  Helv.  Chim.  Acta,  1922,  5,  926. 
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there  is  an  exocyclic  ethylenic  linkage,  which  becomes  endocyclic 
in  the  formation  of  a-selinene  (II)  by  the  elimination  of  hydrogen 
chloride  from  the  dihydrochloride  (III). 


+  2HC1 

^^C(C1)CH3 

^9      10  2 

\  /CH3 

+  2HC1 

^^C.CH3 
/CH3 

C — CI 

\CH3 

-  2HC1 

<CH2 

(III) 
C02H 

1  (II) 

CO.CHg 

NaOBr 

C9H15 — C02H 

NaOBr 

CgHjg — C02H 

^^C02H 

<  

^^CO.CH3 

Whilst  Semmler  and  Risse's  experiments  established  the 
nature  of  the  ethylenic  linkages  in  a-  and  /3-selinene  and  showed 
the  relationship  of  the  selinenes  to  one  another,  they  afforded  no 
evidence  of  the  ring  structure  of  the  two  hydrocarbons  and  the 
formulae  advanced  by  them  had  no  experimental  basis  and  were 
purely  hypothetical.  Of  fundamental  importance  therefore  was 
the  observation  of  Ruzicka,  Meyer  and  Mingazzini*  that 
jS-selinene  on  dehydrogenation  with  sulphur  gave  eudalene  (IV). 
The  formation  of  this  hydrocarbon,  if  considered  in  conjunction 
with  the  ozonolysis  products  referred  to  above,  showed  that 
jS-selinene  must  be  represented  by  either  (V),  (V  a)  or  (V  b)  and 
a-selinene  by  (VI),  (VI  a)  or  (VI  b).  Of  these  formulae  (V  b)  and 
(VI  b)  are  extremely  improbable,  since  assuming  them  to  be 
correct,  on  dehydrogenation  the  formation  of  2  :  ^-dimethyl- 
naphthalene  (X)  would  be  anticipated.  A  consideration  of  the 
alternative  formulae  (V)  and  (V  a)  for  /3-selinene  and  of  (VI)  and 
(VI  a)  for  a-selinene,  shows  that  (V)  and  (VI)  are  most  probably 
correct,  since  they  can  be  built  up  from  three  isoprene  nuclei  as 
indicated  by  the  dotted  lines. 

Indirect  proof  of  this  was  obtained  by  Ruzicka  and  Stoll.f  If 
either  formulae  (V),  (V  a)  or  (V  b)  correctly  represents  /3-selinene, 
then  the  tricarboxylic  acid  (v.  supra)  must  be  either  (IX),  (IX  a) 
or  (IX  b).  If  these  formulae  for  the  tricarboxylic  acid  be  in- 
spected, it  will  be  observed  that  in  both  (IX  a)  and  (IX  b)  one 
of  the  carboxyl  groups  is  tertiary  and  should  therefore,  as  is 

*  Helv.  Chim.  Acta,  1922,  5,  363.  t  Ibid.  1923,  6,  846. 
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the  case  with  camphoric  acid  (p.  402),  give  rise  to  a  hydrogen 
ester  on  esterification.  Ruzicka  and  Stoll  found,  however,  that, 
on  esterification,  a  neutral  triethyl  ester,  b.p.  170°/0-2  mm.,  was 
obtained,  and  that  this  was  completely  hydrolysed  by  alkali 
under  conditions  which  gave  with  ethyl  camphorate  the  hydro- 
gen ester.  It  may  therefore  be  assumed  with  some  degree  of 
certainty  that  j8-selinene  has  formula  (V),  a-selinene  (VI),  the 
related  oxidation  products  being  represented  by  (VII),  (VIII) 
and  (IX). 

Both  a-  and  j8-selinenes  can  be  characterised  by  the  prepara- 
tion of  the  dihydrochloride,  m.p.  72-74°,  18°,  although 
according  to  Ruzicka,  Wind  and  Koolhaas*  the  hydrochloride, 
when  freshly  prepared,  has  m.p.  52°,  [a]D  —  70°  (in  chloroform). 
On  keeping  for  some  years  this  changes  into  the  higher 
melting  hydrochloride.  If  the  dihydrochloride  is  heated  with 
milk  of  lime  at  95°  it  yields  selinenol  or  a-eudesmol,  m.p.  78- 
79°>  Mz>+  38°  (m  chloroform)  (see  p.  577).  This  on  catalytic 
hydrogenation  gives  dihydroselinenol  or  dihydroeudesmol, 
C15H280,  m.p.  85-86°,  [a]D+170  (in  chloroform)  (see  p.  579). 
Ruzicka  and  Stollf  have  observed  the  presence  in  celery  oil  of  a 
sesquiterpene  alcohol  or  mixture  of  alcohols,  but  these  do  not 
appear  to  be  identical  with  selinenol,  since  they  do  not  yield 
selinene  dihydrochloride,  when  treated  with  hydrogen  chloride. 

Like  dipentene,  with  which  it  is  structurally  closely  related, 
a-selinene  can  be  readily  isomerised  by  digestion  with  sulphuric 
acid  in  alcoholic  solution,  a  hydrocarbon,  b.p.  130°/12  mm., 
d\f  0-9234,  1-5167,  aD  +  194-3°,  being  formed,  which  no 
longer  gives  a  crystalline  hydrochloride.  This  hydrocarbon  is 
probably  represented  by  either  8-selinene  (XI)  or  e-selinene 
(XII).  The  ethylenic  linkages  cannot  be  conjugated,  since  it  is 
not  reduced  by  sodium  in  alcoholic  solution. 


CH. 


-3 


CH3 


CH2  CH3  CH2 
(XI) 

*  Helv.  Chim.  Acta,  1931, 14, 1132, 


(XII) 
f  Ibid.  1923,  6,  852. 
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CALAMENE 

The  oil  derived  from  the  rhizomes  of  A  corns  Calamus  L.  contains 
a  sesquiterpene,  calamene,  which  was  probably  first  separated 
in  a  pure  condition  by  Kurbatov,*  although  its  occurrence  had 
been  observed  by  Gladstone,  f 

Calamene,  C15H24,  b.p.  123-126°/105  mm.,  d^l  0-9224, 
n2p  1-50572,  [a]D  +  5°,  does  not  yield  any  crystalline  derivatives 
and  it  cannot  be  hydrated.  From  its  physical  constants,  it  was 
assumed  that  calamene  was  tricyclic,  but  Semmler  and  Spornitz  J 
found  that,  on  catalytic  hydrogenation,  tetrahydrocalamene, 
C15H28,  b.p.  123-125°/10  mm.,  ^  0-8951,  n£°  1-4848,  was 
formed,  which  indicated  the  presence  of  two  ethylenic  linkages. 
This  evidence  cannot  however  be  considered  conclusive,  since  it 
is  well  known  that  in  many  cases  the  ci/cZopropane  ring  readily 
undergoes  fission  on  reduction.  Support  however  is  lent  to  the 
view,  that  calamene  contains  two  ethylenic  linkages,  by  the 
observation  of  Ruzicka,  Meyer  and  Mingazzini  §  that,  on  dehydro- 
genation  with  sulphur,  cadalene  is  formed.  As  a  general  rule 
tricyclic  hydrocarbons  cannot  be  dehydrogenated  with  this 
reagent.  The  constitution  of  calamene  has  not  been  determined 
and,  on  ozonolysis,  it  does  not  give  any  recognisable  products. 

THE  CAR  YOPH  YLLENES 

The  mixture  of  hydrocarbons,  known  as  the  caryophyllenes, 
forms  the  main  hydrocarbon  constituent  of  oil  of  cloves  (from 
Eugenia  caryophyllata)  and  it  occurs  also  in  African  copaiba  oil 
(from  the  tree  Oxy stigma  Mannii  Harms.). 

The  presence  in  clove  oil  of  a  hydrocarbon  having  a  high 
boiling-point  was  first  observed  by  Ettling||  and  this  was  con- 
firmed by  other  investigators.il  Church**  was,  however,  the  first 
to  show  it  to  have  the  composition  C15H24,  and  Briihl,f  f  from  a 
consideration  of  its  physical  constants,  suggested  that  it  was  a 
dicyclic  hydrocarbon  containing  two  ethylenic  linkages.  A  more 

*  Annalen,  1874, 173,  4.  f  J-CS.  1864,  17,  1. 

%  Ber.  1913,  46,  3702.  §  Helv.  Chim.  Acta,  1922,  5,  358. 

||  Annalm,  1834,  9,  68. 

H  Bockmann,  Annalen,  1838,  27,  105;  Bruning,  ibid.  1857,  104,  202;  Williams, 
ibid.  1858, 107,  242. 
**  J.C.S.  1875,  28,  113.  ft  Ber.  1888,  21,  163. 
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detailed  study  of  the  sesquiterpene  was  made  by  Wallach  and 
Walker,*  who  prepared  a  number  of  crystalline  derivatives  and 
showed  that  the  hydrocarbons  present  in  oil  of  cloves  and 
copaiba|  °^  were  identical. 

Although  caryophyllene  J  can  be  characterised  by  the  pre- 
paration of  a  number  of  crystalline  derivatives,  it  is  not  a  homo- 
geneous substance.  This  was  first  recognised  by  Deussen§  and  it 
is  necessary  to  consider  first  the  evidence  on  which  this  is  based. 

Wallach  and  Walker||  and  Kremers  and  SchreinerU  had  pre- 
pared from  caryophyllene  a  nitrosochloride,  m.p.  161-163°, 
which  they  characterised  by  the  preparation  of  two  nitrolbenzyl- 
amines,  m.p.  167°  and  128°,  and  a  nitrolpiperide,  m.p.  145-146°. 
They  described  also  a  blue  caryophyllene  nitrosite,  which  was 
dextrorotatory  and  which  isomerised  on  exposure  to  light,  the 
substance  obtained  depending  upon  the  nature  of  the  solvent 
used.  A  nitrosate,  m.p.  148-149°,**  159°, ff  was  prepared  also. 

A  prolonged  series  of  investigations  has  led  DeussenJt  to 
conclude  that  caryophyllene  contains  two  and  very  probably 
three  hydrocarbons — a-caryophyllene,  ^-caryophyllene  and  y- 
caryophyllene  or  isocaryophyllene.  Whilst  the  presence  of  the  two 
former  hydrocarbons  in  the  oil  is  regarded  as  established,  it  does 
not  appear  to  be  quite  definitely  proved  that  y-caryophyllene  is 
not  formed  during  the  process  involved  in  its  isolation.  Only  a 
very  partial  separation  of  the  sesquiterpenes  can  be  effected  by 
fractional  distillation  and  only  y-caryophyllene  has  been  ob- 
tained pure,  although  the  more  recent  experiments  of  Ruzicka 
and  Wind§§  render  its  homogeneity  doubtful.  Before  proceeding 
to  consider  the  structure  of  the  caryophyllenes,  it  will  be  con- 

*  Annalen,  1892,  271,  288. 

f  Compare  Blanchet,  Annalen,  1833,  7,  156;  Souberain  and  Capitaine,  ibid.  1840, 
34,  321 ;  Posselt,  ibid.  1849, 69,  67 ;  Strauss,  ibid.  1868, 148, 148 ;  Levy  and  Englander, 
ibid.  1887,  242,  189;  Ber.  1885,  18,  3206. 

%  The  term  caryophyllene  is  used  here  to  designate  the  mixture  of  hydrocarbons 
having  the  composition  C15H24,  which  occurs  in  oil  of  cloves. 

§  Annalen,  1907,  356,  1. 

||  Ibid.  1892,  271,  288. 

II  Pharm.  Archiv.  1899,  2,  293. 

**  Wallach  and  Tuttle,  Annalen,  1894,  279,  391. 

ft  SchimmeVs  Report,  1904, 1,  80. 

X%  Annalen,  1907,  356,  1;  1908,  359,  245;  1909,  369,  51;  1912,  388,  136;  J.  pr. 
Chem.  1911  [ii],  83,  483;  1914  [ii],  90,  324;  1926  [ii],  114,  63;  1927  [ii],  117,  273; 
1928  [ii],  120,  133;  1929  [ii],  122,  261. 

§§  Heli-.  Chim.  Acta,  1931,  14,  410. 
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venient  to  discuss  the  evidence  which  Deussen  has  advanced 
for  their  individual  existence. 

a-Caryophyllene*  This  hydrocarbon,  which  is  optically  in- 
active, is  present  in  the  highest  boiling  sesquiterpene  fraction, 
b.p.  132-134°/16  mm.,  aD  —  4-22°.  It  yields  a  nitrosochloride, 
m.p.  177°,  a  nitrosobromide,  m.p.  144-145°,  a  nitrosate,  m.p.  161° 
and  a  nitrosite,  m.p.  116°.  The  three  former  give  a  nitrolbenzyl- 
amine,  m.p.  126-128°,  identical  with  one  of  the  nitrolbenzyl- 
amines  described  by  Kremers  and  Schreiner.  By  the  action  of 
sodium  methylate  on  the  nitrosochloride  an  a-methoxynitroso- 
caryophyllene,  C16H2702N,  m.p.  116°,  was  obtained. 

^-Caryophyllene,  which  is  laevorotatory,  is  present  mainly  in 
the  caryophyllene  fraction,  b.p.  129-130°/14  mm.  {aD  —  8-5°  to 
—  9-5°).  It  yields  a  nitrosochloride,  m.p.  159°,  [a]D  —  98-07°,  and 
a  blue  nitrosite,  m.p.  115°,  [a]D  +  1661°,  from  both  of  which  a 
nitrolbenzylamine,  m.p.  172-173°,  [a]D  +  226-26°,  can  be  pre- 
pared. This  is  identical  with  Kremer  and  Schreiner's  second 
nitrolbenzylamine.  If  the  blue  nitrosite  is  exposed  to  light  in 
benzene  solution  a  substance,  C15H1906N3,  m.p.  159-5°,  results, 
whilst  in  alcoholic  solution  another  substance,  C15H2204N2,  m.p. 
130-5°,  can  be  obtained.  The  blue  nitrosite  was  further  charac- 
terised by  the  preparation  of  a  blue  hydrochloride,  m.p.  140°,  an 
orange  yellow  bromonitrosite,  m.p.  104-105°,  and  a  red  iodo- 
nitrosite,  m.p.  125°.  /3-Caryophyllene  gives  with  hydrogen 
chloride  an  excellent  yield  of  caryophyllene  dihydrochloride,  m.p. 
69-70°.  This  dihydrochloride  was  first  described  by  Schreiner 
and  Kremersj  and  has  been  used  since  for  the  identification  of 
caryophyllene.  It  does  not  appear  to  be  established  that  it  can 
be  prepared  from  a-caryophyllene.  Some  of  its  more  important 
reactions  will  be  discussed  later. 

y -Caryophyllene  remains  in  the  mother  liquor  after  the  pre- 
paration of  jS-caryophyllene  nitrosite.  It  can  be  prepared  also  by 
heating  the  blue  nitrosite  with  alcohol.  When  so  obtained,  it  boils 
at  125-125-5°/14-5  mm.,  dir  0-89951,  n^°  1-49665,  [a]D  -  26-17°. 
It  can  be  characterised  by  the  preparation  of  the  nitrosochloride, 
which  exists  in  two  modifications,  m.p.  122°,  [a]D  +  14-71°,  and 

*  The  question  of  the  identity  of  a-caryophyllene  and  humulene  is  discussed  on 
p.  528. 

f  Pharm.  Arch.  1899,  2,  296;  1902,  4,  164. 
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m.p.  146°,  [a]D  -  33-69°.  They  both  yield  the  same  nitrol- 
benzylamine,  m.p.  172-173°,  identical  with  that  derived  from 
/3-caryophyllene  nitrosochloride.  y-Caryophyllene  gives  caryo- 
phyllene  dihydrochloride,  when  treated  with  hydrogen  chloride. 
It  is  obvious  from  these  reactions  that  j8-  and  y-caryophyllenes 
are  closely  related  and  the  simplest  explanation  is  that  they 
contain  respectively  the  groups  (I)  and  (II). 

><c  >°-<c 

(I)  (II) 
Since  it  is  not  possible  to  separate  the  caryophyllenes  by 
fractional  distillation,  the  majority  of  experiments,  on  which 
their  constitutions  have  been  based,  have  been  carried  out  with 
the  sesquiterpene  mixture  from  oil  of  cloves.  It  can,  however, 
be  regarded  as  established,  (i)  that  the  hydrocarbons  are  dicyclic 
and  contain  two  ethylenic  linkages,  since  they  yield  a  dihydro- 

\  y^^3 

chloride,  and  (ii)  that  the  group  yC<Q      ,  is  present  as  part  of 

'  ^CH3 

a  ring  structure,  since  as-dimethylsuccinic  acid  is  obtained  on 
oxidation. 

By  the  oxidation  of  the  hydrocarbons  with  potassium  per- 
manganate Haarmann,*  and  also  Deussen,  obtained  a  number 
of  degradation  products,  but  they  threw  little  light  on  the 
structure  of  the  parent  hydrocarbons.  Semmler  and  May  erf 
were  more  successful  in  their  study  of  the  products  formed  on 
ozonolysis,  and  they  were  able  to  suggest  that  the  two  principal 
constituents  were  represented  by  formulae  (III)  and  (IV), 
respectively. 

The  evidence,  which  was  advanced  for  the  presence  of  a  hydro- 
carbon having  the  structure  (III),  was  the  following.  One  of  the 
products  of  ozonolysis  was  a  Jcetonic  acid,  CuH1803,  b.p.  183- 
187°/ll-4mm.,  d20°  1-040,  n£  1-4677,  aD+  44°,  semicarbazone, 
m.p.  183°,  which  gave  on  oxidation  with  nitric  acid  as-dimethyl- 
succinic  acid  and  a  dibasic  acid,  caryophyllenic  acid,  C9H1404, 
b.p.  215-218°/9  mm.,  anhydride,  b.p.  152-158°/10  mm.  This 
same  mixture  of  acids  was  formed  also,  when  the  ketonic  acid 
was  oxidised  with  sodium  hypobromite.  The  latter  reaction  must 


*  Ber.  1909,  42,  1062;  1910,  43,  1505. 


f  Ibid.  1911,  44,  3157. 
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proceed  abnormally,  since  the  oxidation  of  a  ketonic  acid, 
CuH1802,  having  the  structure  (V),  would  be  expected  to  yield 
a  dibasic  acid,  C10H16O2 .  From  a  consideration  of  its  reactions 
Semmler  and  Mayer  suggested  that  caryophyllenic  acid  was  the 
ci/cZobutane  acid  (VI),  the  oxidation  of  (III)  proceeding  in 
accordance  with  the  scheme : 
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It  will  be  observed,  that  this  represents  the  ketonic  acid  (V)  as 
methylpinonic  acid  and  caryophyllenic  acid  as  a  methylnorpinic 
acid.  It  is  difficult  to  see  why  the  former  should  not  yield  a 
methylpinic  acid  on  oxidation  with  sodium  hypobromite. 
Deussen  and  Hacker*  have  attempted  to  confirm  Semmler  and 
Mayer's  formula  for  caryophyllenic  acid.  They  found  that  when 
caryophyllenic  acid  was  fused  with  potassium  hydroxide  at  180° 
a  mixture  of  acetic  and  isovaleric  acids  was  obtained,  but  on 
bromination  of  the  acid  chloride  a  dibromo-acid  resulted.  It  is 
obvious  that  the  two  former  acids  could  be  formed  by  the  fission 
of  the  cyclobutaxie  ring,  but  it  is  difficult  to  account  for  the  isola- 
tion of  a  dibromocaryophyllenic  acid  on  the  basis  of  Semmler 
and  Mayer's  structure,  although  Deussen  and  Hacker  do  not  on 
this  account  reject  it. 

From  amongst  the  neutral  products  formed  in  the  oxidation, 
a  ketone,  C10H18O,  b.p.  73-76°/ll-5  mm.,  d20°  0-8823,  1-4387, 
aD  —  7°,  semicarbazone,  m.p.  176°,  was  isolated.  To  this  ketone 
Semmler  and  Mayer  gave  the  structure  (VII),  since,  on  oxidation 
with  sodium  hypobromite,  it  gave  an  acid  (VIII),  C9H1602,  b.p. 
13 1-133°/ 12-5  mm.,  amide,  m.p.  114°,  whilst  with  nitric  acid  the 
acid  (IX),  C8H1402,  b.p.  119-122°/12  mm.,  amide,  m.p.  115-116°, 
was  obtained.  The  formulae  assigned  to  these  substances  are, 
however,  completely  devoid  of  experimental  foundation,  the 
more  so  since  the  formula  assigned  by  Semmler  and  Mayer  to  the 
parent  hydrocarbon  is  incorrect. 


H2C 


H3C .  C .  CH3 


CH2.CO.CH3 
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For  the  occurrence  of  a  second  hydrocarbon  (IV)  the  following 
evidence  was  advanced.  The  second  main  product  of  ozonolysis 
was  a diketonic  acid,  C14H2204 ,  b.p.  229-232°/!  1-5  mm.,  d20°l-0830, 


*  J.  pr.  Chem.  1929  [ii],  122,  261. 
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1-4804,  aD+  41°,  semicarbazone,  m.p.  about  120°.  This  acid 
gave,  on  oxidation  with  nitric  acid,  caryophyllenic  and  as- 
dimethylsuccinic  acids.  The  diketonic  acid  was  assumed  to  have 
formula  (X)  and  considered  to  be  a  derivative  of  (IV). 


C09H 


In  1924  Busse*  suggested,  as  alternative  formulae  for  caryo- 
phyllene,  (XI)  and  (XII),  which  he  considered  to  be  more  in 
accord  with  the  general  assumption,  that  the  sesquiterpenes  are 
built  up  from  three  isoprene  nuclei.  He  did  not  put  forward  any 
experimental  evidence  in  support  of  his  formulae. 
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CH, 


H2C  C 
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XCH3 

CH 


If  Semmler  and  Mayer's  formula  (III)  and  Busse's  formula 
(XI)  be  inspected,  it  will  be  observed  that  they  contain  a  system 
of  conjugated  ethylenic  linkages.  It  would  be  anticipated  there- 
fore, that  a  caryophyllene  represented  by  these  formulae  would 
be  reduced  by  sodium  in  alcoholic  solution.  This  is  however  not 
the  case,  the  crude  hydrocarbon  being  quite  unaffected  by  this 
reagent.  It  follows  therefore  with  some  degree  of  probability, 

*  AM.  d.  Wissensch.  Chem.  Pharm.  Inst.  Moscow,  1924,  10,  77. 
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that  these  formulae  must  be  incorrect,  and  since  Busse's  modifi- 
cation necessitates  such  a  system  in  one  of  the  isomerides,  both 
(XI)  and  (XII)  must  be  rejected. 

Deussen  has  suggested  that  Semmler  and  Mayer's  formulae 
(III)  and  (IV)  should  be  replaced  by  (XIII)  and  (XIV),  which 
he  considers  accord  best  with  the  reactions  of  jS-  and  y-caryo- 
phyllenes.  He  has  endeavoured  to  provide  evidence  in  support 
of  these  formulae  and  more  especially  to  determine  which 
should  be  assigned  to  j3-caryophyllene  and  which  to  y-caryo- 
phyllene.  It  should  be  noted,  that  the  "potential"  naphthalene 
ring  is  not  derived  from  either  cadalene  or  eudalene. 


H2C         |         CH  CH 
H3C .  C .  CH3  |        J  | 

CH  C 


H3C  CH2 


Deussen  drew  attention  to  the  fact  that  the  two  ethylenic 
linkages  in  caryophyllene  could  not  be  similarly  situated. 
Although  on  catalytic  hydrogenation  in  the  presence  of  platinum 
tetrahydrocaryophyllene,  C15H28,  b.p.  122-123°/12  mm.,  d20°0-8712, 
nD  1-4700,  aD  +  3°,  is  formed,*  if  palladium  is  used  as  the 
catalyst,  then  a  dihydrocaryophyllene,  b.p.  129-130°/14  mm., 
aD  —  32-7°,  is  obtained.  This  hydrocarbon,  which  still  contains  an 
ethylenic  linkage,  since  it  reacts  with  hydrogen  bromide,  is 
extremely  resistant  to  potassium  permanganate  and  it  is  not 
attacked  by  mercuric  acetate.  Adopting  Deussen' s  formulae, 
this  hydrocarbon  is  most  probably  represented  by  (XV). 

15° 

A  second  dihydrocaryophyllene,  b.p.  131°/11  mm.,  d±o  0-8965. 
n}p  1-496,  aD  —  4-97°,  has  been  prepared  by  the  action  of 
magnesium  methyl  iodide  on  caryophyllene  dihydrochloride 
(XVI).  There  can  be  no  doubt  that  this  must  have  an  exocyclic 

*  Semmler  and  Mayer,  Ber.  1912,  45,  1393. 
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ethylenic  linkage,  since  it  is  immediately  attacked  by  potassium 
permanganate  and  it  may  be  represented  by  (XVII)  or  (XVIII) 
and  it  is  not  improbably  a  mixture. 

CH, 


CH2 
(XVIII) 

Deussen  considers  that  formula  (XIII)  should  be  assigned  to 
/3-caryophyllene,  since  its  blue  nitrosite  (XIX)  resembles  very 
closely  in  its  properties  trimethylethylene  nitrosite  (XX).  y-Caryo- 
phyllene  would  then  be  represented  by  (XIV)  (p.  522). 
CH3  CH3 

A 


H2C 
HC 


CH, 


HoC  CH, 


H3C .  C .  CH3 

\ 


CH  CH.NO 


CH  C.ONO 


CH.NO 

I 

C.ONO 


CH 
(XIX) 


HoC  CHS 


(XX) 
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CH3 


H2C 


HC 


CH  C 

>  A 

H3C  CH2 


(XIV) 


It  will  be  recalled  that  Semmler  and  Mayer's  experiments 
on  the  ozonolysis  of  caryophyllene  were  carried  out  with  the 
sesquiterpene  mixture  from  oil  of  cloves.  Deussen  and  Hacker* 
have  now  investigated  the  action  of  this  reagent  on  y-caryo- 
phyllene.  An  ozonide,  C15H2406,  was  obtained,  which  gave  on 
decomposition  formaldehyde  and  formic  acid  in  accordance  with 
anticipation.  Unfortunately  they  were  not  able  to  characterise 
the  other  products  of  the  reaction,  although  caryophyllenic  acid 
was  obtained  on  their  further  oxidation  with  nitric  acid.  One 
primary  product  of  the  ozonolysis  was  succinic  acid ;  the  forma- 
tion of  this  substance  was  unexpected  and  may  result  from  the 
oxidation  of  the  long  side  chain. 

On  the  basis  of  Deussen's  formulae  for  jS-  and  y-caryophyl- 
lenes,  it  is  very  difficult  to  account  for  the  degradation  products 
obtained  by  Semmler  and  Mayer  (p.  516)  by  the  ozonolysis  of 
the  mixed  caryophyllene  hydrocarbons.  Ruzicka  and  Windf 
have  recently  reinvestigated  the  oxidation  of  the  caryophyllenesf 
with  ozone  and  they  have  found,  in  agreement  with  the  observa- 
tions of  Semmler  and  Mayer,  that  a  Jcetonic  acid,  CuH1803  and 
a  diketonic  acid,  C14H2204  are  formed.  The  monoketonic  acid  has 
been  shown  to  contain  the  grouping  CH3.CO — ,  since,  when 
carefully  oxidised  with  sodium  hypobromite,  it  yields  a  dibasic 
acid,  C10H16O4.  Interesting  results  have  also  been  obtained  by 
a  study  of  the  reactions  of  the  diketonic  acid.  When  this  acid 
(XXI)  is  oxidised  with  sodium  hypobromite  under  carefully 

*  J.  pr.  Chem.  1927  [ii],  117,  273;  1929  [ii],  122,  261. 
f  Helv.  Chim.  Acta,  1931,  14,  410. 

j  A  mixture  of  a-,  and  y-caryophyllenes  was  apparently  used  in  these  experi- 
ments. 
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controlled  conditions  it  yields  a  ketonic  dibasic  acid,  C13H20O5 
(XXII)  and  it  must  therefore  contain  the  group,  CH3.CO — ; 
but,  if  it  is  digested  with  alkali,  ring  closure  occurs  with  the  loss 
of  water  and  formation  of  an  unsaturated  ketonic  monobasic  acid, 
C14H20O3  (XXIII),  from  which  an  unsaturated  dibasic  acid, 
C13H1804  (XXIV),  m.p.  148-149°,  is  obtained  by  the  action  of 
sodium  hypobromite.  These  reactions  are  indicated  by  the 
following  partial  formula : 

-  CH2.CO.CH3  f  -  C.CO.CH3  f-  C.C02H 

C9H16  J    jl  j^Tr    C9H16  -  >  |j 

l-C02H  v-C02H 
(XXIII)  (XXIV) 


(XXII) 

It  is  obvious  that  these  experiments  disprove  completely  the 
formulae  assigned  by  Deussen  to  fi-  and  y-caryophyllenes,  and 
further  evidence  against  these  formulae  has  been  furnished  by 
the  work  of  Ruzicka,  Bardhan  and  Wind  on  caryophyllenic 
acid.*  As  mentioned  on  p.  517,  Semmler  and  Mayer  suggested 
that  this  acid,  which  was  not  obtained  crystalline,  was  a  me  thy  1- 
norpinic  acid  (XXV)  and  this  formula  was  generally  accepted, 

H3C  CH.C02H 

\  /V 

C  CH2 

HgC^  ^C— C02H 

CH3 
(XXV) 

although  it  was  unsupported  by  any  direct  experimental  evi- 
dence. Ruzicka  and  his  co-workers  have  now  found  that  the 
acid,  which  can  be  obtained  crystalline,  m.p.  145-150°,  is  not 
homogeneous.  By  the  action  of  magnesium  phenyl  bromide  on 
the  dimethyl  ester  they  have  prepared  a  tetraphenylglycol, 
C33H3402,  m.p.  198-199°,  which  yields  on  oxidation  with  chromic 
acid  as-dimethylsuccinic  acid  and  benzophenone,  whilst  with 
magnesium  methyl  iodide  a  tetramethylglycol,  C13H2602,  m.p. 
99-100°,  was  obtained.    Unlike  the  tetraphenylglycol,  this 

*  Helv.  Chim.  Acta,  1931, 14,  423. 
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derivative  gave  on  oxidation  aaa  a  -tetramethylglutaric  acid.  The 
formation  of  this  acid  involves  obviously  some  molecular 
rearrangement. 

Whilst  these  experiments  have  shown  that  caryophyllenic 
acid  cannot  be  a  methylnorpinic  acid,  they  furnish  no  clue  as  to 
its  true  structure.  It  is  clear  that  much  further  work  will  be 
required  before  any  deductions  can  be  made  regarding  the  con- 
stitutions of  jS-  and  y-caryophyllenes,  whilst  no  evidence  is  at 
present  available  regarding  the  structure  of  ct-caryophyllene, 
although  it  is  not  improbable  that  some  of  the  degradation 
products  obtained  by  Haarman,  Semmler  and  Mayer,  and 
Deussen  originated  from  this  hydrocarbon. 

The  caryophyllenes  may  be  identified  by  the  preparation  of 
any  of  the  derivatives  to  which  reference  has  been  made  already. 
On  hydration  the  sesquiterpenes  yield  a  very  characteristic 
product,  ^-caryophyllene  alcohol,  m.p.  96°.  This  substance  is 
referred  to  on  p.  525. 

As  was  mentioned  on  p.  514,  the  only  caryophyllene  which  has 
been  obtained  comparatively  pure  is  y-caryophyllene,  the  con- 
stants of  which  have  been  given  on  p.  515.  The  absorption 
spectrum  of  caryophyllene  in  the  ultra-violet  has  been  shown  by 
Hantzsch*  to  be  complex.  When  caryophyllene  is  heated  at  330° 
under  pressure,  it  is  decomposed  yielding  a  mixture  of  mono- 
cyclic terpenes  and  diterpenes.f  It  does  not  give  a  naphthalene 
hydrocarbon,  when  dehydrogenated  with  sulphur  .J 

The  reduction  of  caryophyllene  and  the  preparation  from  it  of 
di-  and  tetra-hydrocaryophyllenes  has  been  referred  to  on  p.  520. 
When  it  is  oxidised  with  potassium  permanganate  it  yields  a 
glycol,  m.p.  120-120-5°.§  With  chromyl  chloride,  it  forms  an 
additive  compound,  C15H24 ,  2  JCr02Cl2 ,  which,  when  decomposed 
by  water  yields  (i)  /3-caryophyllene  alcohol,  (ii)  a  ketone,  C15H240, 
semicarbazone,  m.p.  234°,  and  (iii)  a  ketone  or  aldehyde,  C15H20O2.|| 
The  action  of  hypochlorous  acid  on  caryophyllene  H  has  been 

*  Ber.  1912,  45,  558. 

|  Semmler  and  Jakubowicz,  Ber.  1914,  47,  2258. 
X  Ruzicka  and  Stoll,  Helv.  CUm.  Acta,  1923,  6,  854. 
§  Deussen,  Annalen,  1912,  288,  136. 
I|  Gibson,  Robertson  and  Sword,  J.C.8.  1926,  p.  164. 

II  The  designation  ^-caryophyllene  used  by  these  authors  for  their  hydrocarbon, 
which  was  separated  from  oil  of  cloves  by  distillation,  is  unfortunate  in  view  of 
Deussen' s  use  of  this  name  for  one  particular  sesquiterpene  constituent  of  the  oil. 
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investigated  by  Henderson,  Robertson  and  Kerr.*  They  obtained 
a  dichlorohydrin,  C15H24(0H)2C12 ,  which  gave  a  liquid  monoacetate, 
and  which  on  distillation  under  diminished  pressure  was  con- 
verted into  an  anhydride,  C15H240C12. 

Caryophyllene  dihydrochloride,  m.p.  69°,  [a\D  +  67°  (in  alco- 
holic solution),  is  best  prepared  by  the  saturation  of  an  ethereal 
solution  of  the  hydrocarbon  with  hydrogen  chloride  at  0°.  From 
this  dihydrochloride  a  dicyclic  hydrocarbon  can  be  regenerated 
by  careful  treatment  with  sodium  methylate.f  This  hydrocar- 
bon, b.p.  121-122-5°/12  mm.,  dlT  0-8996,  n£°  1-4990,  aD  +  19°, 
has  not  been  characterised  by  the  preparation  of  any  crystalline 
derivatives  and  its  relationship  to  the  caryophyllenes  is  not 
known.  If  stronger  alkalies  or  bases,  such  as  pyridine  or  quino- 
line,  are  used  to  remove  the  halogen  acid,  then  a  tricyclic 
hydrocarbon,  b.p.  122-123°/13  mm.,  d\T  0-927,  n™°  1-50246, 
aD  —  57°,  is  formed,  which  is  probably  identical  with  clovene 
(p.  526).  When  caryophyllene  dihydrochloride  is  warmed  with 
silver  acetate  in  acetic  acid  solution  a  mixture  of  (i)  a  hydrocarbon 
yielding  the  same  dihydrochloride  on  treatment  with  hydrogen 
chloride,  (ii)  a  dicyclic  sesquiterpene  alcohol,  C15H260,  and  (iii)  a 
glycol,  C15H26(OH)2,  m.p.  175°,  is  obtained. J 

On  treatment  of  caryophyllene  with  hydrogen  chloride,  Bell 
and  Henderson  §  have  found  that,  in  addition  to  the  dihydro- 
chloride, a  liquid  monohydrochloride  is  formed,  the  acid  having 
caused  ring  closure  to  occur.  When  this  hydrochloride  is  warmed 
with  silver  acetate  in  acetic  acid  solution,  it  yields  a  tricyclic 
hydrocarbon  probably  identical  with  clovene,  and  the  acetate  of 
a  tricyclic  alcohol.  The  latter,  which  is  obtained  on  hydrolysis  of 
the  acetate,  boils  at  146-154°/10  mm.,  d]l°  0-9934,  n^°  1-5039. 
It  is  apparently  isomeric  with  a-  and  ^-caryophyllene  alcohols 
and,  on  dehydration  with  phosphorus  pentoxide,  gives  clovene. 

By  the  hydration  of  caryophyllene  with  the  Bertram-Walbaum 
reagent,  Wallach  and  Walker  ||  prepared  ^-caryophyllene  alcohol 
(isocaryophyllene  alcohol),  m.p.  96°,  b.p.  287-289°,  phenylure- 

*  J.C.S.  1926,  p.  69. 

f  Inter  at.  Semmler  and  Mayer,  Ber.  1910,  43,  3451. 
J  Henderson,  Robertson  and  Kerr,  J.C.S.  1926,  p.  67. 
§  Ibid.  1930,  p.  1971. 
II  Annalen,  1892,  271,  288. 
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thane,  m.p.  136-137°.  This  alcohol,  which  is  extremely  stable,  is 
undoubtedly  tricyclic  and  no  longer  contains  the  caryophyllene 
nucleus.  It  gives  with  phosphorus  pentachloride  a  chloride, 
C15H25C1,  m.p.  63°,  the  corresponding  bromide  melting  at  61-62° 
and  the  iodide  at  61°.  Like  the  alcohol,  chlorodihydrocaryophyl- 
lene  is  extremely  stable  and  it  is  not  acted  upon  by  sodium 
methylate,  but  with  silver  acetate  in  acetic  acid  solution  it  yields 
the  acetate  of  /3-caryophyllene  alcohol,  m.p.  40°,  b.p.  149- 
152°/10  mm.,  d\V  1-003,  n£  1-4919,  the  corresponding  formate, 
b.p.  141-145°/10  mm.,  dll  1-029,  1-4998,  [a]\Y61  -  10-46°, 
being  obtained,  when  the  alcohol  is  digested  with  formic  acid.* 
When  j3-caryophyllene  alcohol  is  heated  with  zinc  dust  under 
pressure  isodihydrocaryophyllene,  C15H26,  b.p.  137-138°/19  mm., 
d20°  0-919,  nD  1-4925,  is  formed;  this  is  probably  a  saturated 
tricyclic  hydrocarbon.!  By  the  dehydration  of  /3-caryophyllene 
alcohol  with  phosphorus  pentoxide,  Wallach  and  Walker  ob- 
tained a  tricyclic  hydrocarbon,  clovene,  b.p.  111-113°/10  mm., 
d™°  0-924,  n™0  1-4980,  aD  +  1-3°.  This  hydrocarbon  is  formed 
also  as  a  by-product  in  the  hydration  of  caryophyllene.  Clovene 
has  not  been  characterised  by  the  preparation  of  any  crystalline 
derivatives.  It  has  been  observed  by  Henderson,  McCrone  and 
Robertson,}  that  the  hydrocarbon  prepared  by  the  dehydration 
of  /3-caryophyllene  alcohol  is  not  homogeneous,  but  can  be 
separated  by  distillation  into  clovene  and  isoclovene,  b.p.  130- 
131°/12  mm.,  d\T  0-843,  n*°  1-5039,  [a]D  -  56-6°,  which  yields 
a  crystalline  hydrochloride,  m.p.  87°,  hydrobromide,  m.p.  75°. 
These  differ  completely  from  the  isomeric  clovene  derivatives 
prepared  by  the  action  of  the  phosphorus  halides  on  j8-caryo- 
phyllene  alcohol.  When  ^oclovene  hydrochloride  is  treated  with 
silver  acetate  and  the  product  hydrolysed,  isoclovene  alcohol, 
m.p.  98°,  [a]D  +  227°,  is  obtained.  This  is  probably  a  tertiary 
alcohol,  since  it  does  not  react  with  phenyl  isocyanate  and  it  is 
readily  dehydrated.  By  the  oxidation  of  clovene  with  chromic 
acid  Ruzicka  and  Gibson§  have  obtained  an  acid,  clovenic  acid, 
C15H2404,  m.p.  182°,  yielding  an  anhydride,  m.p.  50-51°.  This 
acid  should  prove  of  value  in  the  elucidation  of  the  constitution 
of  clovene,  but  in  the  absence  of  evidence  for  the  constitutions  of 

*  Henderson,  Kerr  and  Henderson,  J.C.S.  1925, 127,  1944;  1926,  p.  64. 
f  Semmler,  Ber.  1903,  36,  1038. 

%  J.C.S.  1929,  p.  1371.  §  Helv.  Chim.  Acta,  1931,  14,  570. 
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the  caryophyllenes  no  structures  can  be  assigned  to  /3-caryophyl- 
lene  alcohol  or  to  the  hydrocarbons,  clovene  and  isoclovene. 

Asahina  and  Tsukamoto*  have  found  that,  if  caryophyllene  is 
hydrated  with  Aschan's  reagent  (sulphuric  acid  monohydrate  in 
ethereal  solution),  then,  in  addition  to  /3-caryophyllene  alcohol, 
a  second  alcohol,  a-caryophyllene  alcohol,  m.p.  117°,  b.p.  143- 
152°/10  mm.,  d\T  0-9860,  n£  1-5010,  phenylur  ethane,  m.p.  180°, 
is  formed.  The  relationship  of  the  three  tricyclic  alcohols,  a-  and 
jS-caryophyllene  alcohols  and  ^oclovene  alcohol,  to  one  another 
has  not  been  determined  and  it  is  not  known  whether  they  are 
structural  or  stereoisomerides.  On  dehydration  a-caryophyllene 
alcohol  yields  clovene  but  no  ^soclovene,  and  it  differs  also  from 
the  j8-alcohol  in  its  behaviour  to  Beckmann's  chromic  acid 
mixture.  With  this  reagent  a-caryophyllene  alcohol  yields  a 
crystalline  acid,  C15H2404,  m.p.  187°,  anhydride,  m.p.  49-5°, 
identical  probably  with  clovenic  acid,  whilst  the  jS-alcohol  gives 
a  liquid  acid,  C10H12O3.f 

Caryophyllene  reacts  with  ethyl  diazoacetate  to  give  a  cyclo- 
propane ester  from  which,  by  hydrolysis,  an  acid,  C16H25.C02H, 
m.p.  165°,  [a]5461  —  40°,  can  be  prepared.  It  does  not  appear  to 
have  been  determined  which  caryophyllene  this  condensation 
product  is  derived  from  and,  since  it  is  extremely  resistant  to 
potassium  permanganate,  it  is  not  improbably  a  derivative  of 
clovene.  { 

THE  C08TENE8 

From  oil  of  costus,  which  is  obtained  from  the  roots  of  Saussurea 
Lappa,  Semmler  and  Feldstein§  have  isolated  two  sesquiter- 
penes, which  they  designate  a-  and  /2-costene. 

a-Costene,  C15H24,  b.p.  122-126°/12mm.,  d21° 0-9014,  1-49807, 
[a]D  —  12°,  is  probably  dicyclic  and  gives  a  liquid  hydrochloride, 
from  which  the  original  hydrocarbon  can  be  regenerated.  It  is 
readily  hydrated  by  the  Bertram-Walbaum  method  yielding  an 
alcohol,  C15H260,  b.p.  150-165°/14-5  mm.,  d21°  0-9491,  nD  1-50008, 
[a]D  +  20°,  which  suggests  that  one  of  the  ethylenic  linkages  is 
exocyclic. 

fi-Costene,    b.p.    144-149°/18  mm.,    d22°  0-8728,   nD  1-4905, 

*  J.  Pharm.  Soc.  Japan,  1922,  p.  463. 

t  Bell  and  Henderson,  J.C.S.  1930,  p.  1975. 

%  Deussen,  J.  pr.  Chem.  1927  [ii],  117,  282;  Gibson,  J.C.S.  1928,  p.  756. 
§  Ber.  1914,  47,  2692. 
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[a]D  +  6°,  is  probably  monocyclic,  but  no  crystalline  derivatives 
have  been  prepared.  There  is  no  evidence  of  the  homogeneity  of 
either  a-  or  ^-costene.  It  is  of  interest  to  mention  that  associated 
with  these  sesquiterpenes  is  an  acyclic  hydrocarbon,  aplotaxene, 
C17H28,  which  gives  on  catalytic  hydrogenation  octahydro- 
aplotaxene,  identical  probably  with  n-heptadecane. 

HUMULENE 

In  1895  Chapman*  separated  from  oil  of  hops  (from  Humulus 
Lupulus  L.)  a  sesquiterpene,  humulene,  C^H^,  which  he 
characterised  by  the  preparation  of  a  number  of  derivatives. 
Some  years  later  the  same  hydrocarbon  was  shown  by  Fichter 
and  Katzf  to  be  present  in  the  oil  from  poplar  buds  (Populus 
nigra  L.). 

Humulene,  b.p.  263-266°,  d\%  0-9001,  1-5021,  is  somewhat 
readily  oxidised  on  exposure  to  the  air.  It  has  been  suggested 
by  Deussen,J  that  humulene  is  identical  with  a-caryophyllene, 
a  name  given  by  him  to  a  sesquiterpene  present  in  oil  of  cloves, 
where  it  occurs  in  admixture  with  j8-  and  y-caryophyllenes  (see 
p.  514).  As  is  mentioned  on  p.  515  this  hydrocarbon  has  not 
actually  been  isolated  from  oil  of  cloves,  its  presence  having  been 
assumed  from  the  preparation  of  certain  derivatives,  which  are 
all  optically  inactive.  At  the  time  of  its  isolation  the  possibility 
that  humulene  might  be  identical  with  caryophyllene.  the  name 
used  for  the  mixture  of  sesquiterpenes  present  in  oil  of  cloves, 
was  considered  by  Chapman  and  also  by  Kremers,  Schreiner  and 
James. §  These  authors  decided  definitely  that  this  was  not  the 
case  and  the  same  conclusion  was  arrived  at  by  Semmler  and 
Mayer,  1 1  who  compared  the  products  formed  on  ozonolysis  of 
caryophyllene  and  humulene. 

Whilst  there  can  be  no  doubt  that  humulene  is  not  identical 
with  either  j8-  or  y-caryophyllene,  it  seems  to  be  not  improbable 
that  it  is  identical  with  a-caryophyllene.  If  this  should  prove  to 
be  the  case  the  name  a-caryophyllene  should  be  abandoned, 
since  there  is  no  evidence  that  it  is  structurally  related  to  the 
other  two  caryophyllenes. 

*  J.C.S.  1895,  67,  54,  780.  f  Ber-  1899>  32>  3182- 

t  J.  pr.  Chem.  1911  [ii],  83,  1483;  1928  [ii],  120,  133. 

§  Pharm.  Arch.  1898, 1,  209.  ||  Ber.  1911,  44,  3678. 
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Chapman*  has  made  a  very  careful  comparison  of  the  de- 
rivatives prepared  from  humulene  and  those  which  are  stated  by 
Deussenf  to  be  characteristic  of  a-caryophyllene.  As  will  be 
seen  from  the  subjoined  table,  these  are  apparently  identical, 
a  difference  being  observed  only  in  the  case  of  the  nitrosite. 
A  possible  explanation  of  this  would  be  that  the  nitrosite  pre- 
pared from  caryophyllene  (from  oil  of  cloves)  originated,  not 
from  the  hydrocarbon  identical  with  humulene,  but  from  some 
other  hydrocarbon  present  in  the  oil. 


Humulene 

ct-Caryophyllene 

Nitrosochloride 

m.p.  176° 

177° 

Nitrolbenzylamine 

136° 

136°  (126-128°  Deussen) 

Nitrolpiperide 

153° 

153° 

Nitrosobromide 

144-145° 

Nitrosate 

163° 

163° 

Nitrosite 

114° 

116°  (mixed  m.p.  86°) 

fi-Caryophyllene  alcohol 

Nil 

Dihydrochloride 

Oil 

? 

From  its  physical  constants  humulene  is  probably  a  dicyclic 
hydrocarbon  containing  two  ethylenic  linkages,  but  nothing  is 
known  regarding  its  actual  structure.  It  yields,  on  oxidation 
with  chromic  acid,  as-dimethylsuccinic  acid.  J 

G.   TRICYCLIC  HYDROCARBONS 

AROMADENDRENE 

According  to  Smith, §  aromadendrene  is  the  principal  sesquiter- 
pene occurring  in  the  eucalyptus  oils.  It  is  probably  present  also 
in  a  number  of  other  oils.|| 

Aromadendrene,  b.p.  121°/10mm.,  d\?  0-9116,  n™*  1-4978, 

20°  • 

[a]577  —  6-1°,  does  not  yield  any  crystalline  derivatives,  but  ac- 
cording to  Briggs  and  Short  it  is  probably  homogeneous. 
Although  its  molecular  refraction  65-58  is  somewhat  high  for  a 
tricyclic  hydrocarbon  (calc.  64-40)  the  presence  of  only  one 
ethylenic  linkage  is  probable,  since,  on  catalytic  hydrogenation, 

*  J.C.S.  1928,  785;  1929,  359. 

f  Compare  p.  515. 

%  Chapman,  J.C.S.  1903,  83,  513. 

§  Baker  and  Smith,  A  Research  on  the  Eucalypts,  1920,  p.  416. 

||  Briggs  and  Short,  J.C.S.  1928,  2524. 
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dihydroaromadendrene,  C15H26,b.p.  121-122710 mm.  d£J° 0-9014, 

17° 

ti^  1-4871,  is  obtained.  The  molecular  refraction  of  the  reduced 
hydrocarbon  is  also  very  high,  65-83,  so  it  is  possible  that  this  is 
due  to  some  structural  peculiarity.  On  ozonolysis,  a  ketone, 
aromadendrone,  C14H220,  m.p.  80-81°,  semicarbazone,  m.p.  189-5- 
190-5°,  oxime,  m.p.  103°,  is  formed.  The  hydrocarbon  cannot  be 
dehydrogenated  with  sulphur. 

CEDRENE 

Cedrene,  C15H24,  occurs  in  cedar  wood  oil  (from  Juniperus 
virginiana)  and  it  was  first  isolated  from  this  oil  by  Walter.*  At 
the  same  time  he  prepared  a  hydrocarbon  having  very  similar 
properties  by  the  dehydration  of  the  alcohol,  cedrol  (cedar  wood 
camphor).  The  experiments  of  Semmler  and  his  collaborators,  to 
which  reference  will  be  made  in  the  sequel,  have  proved  con- 
clusively that  the  natural  hydrocarbon  and  that  prepared  by  the 
dehydration  of  the  alcohol  are  identical. 

Cedrene  is  a  colourless  somewhat  viscid  oil,  b.p.  121°/ 12  mm., 
d\V  0-9367,  nir  1-5030,  aD  -  52-8°,  whilst  a  specimen  of  the 
hydrocarbon  prepared  from  the  alcohol  had  b.p.  264°,  d15°  0-9367, 
1-49798,  85-57°.  It  may  be  deduced  from  the  molecular 
refraction,  [R^Id  64-61,  that  cedrene  is  a  tricyclic  hydrocarbon 
containing  one  ethylenic  linkage.  Although  the  constitution  of 
cedrene  has  not  been  determined,  there  can  be  no  doubt  that  this 
conclusion  is  correct. 

By  the  oxidation  of  cedrene  with  potassium  permanganate  in 
acetone  solution,  Semmler  and  Hoffmann!  obtained  a  glycol, 
C15H2602,  m.p.  160°,  b.p.  186-187°/12  mm.,  d15°  1-053,  a  diketone 
or  ketonic  aldehyde,  C15H2402,  b.p.  165°/10  mm.,  d15°  1-055, 
disemicarbazone,  m.p.  234°,  and  a  liquid  Jcetonic  acid,  C15H2403, 
b.p.  200-215°/10  mm.,  semicarbazone,  m.p.  162°,  methyl  ester, 
b.p.  165-170°/10  mm.,  d20°  1-0509,  n™°  1-4882,  aD  -  32-24°, 
which  could  be  oxidised  with  sodium  hypobromite  to  a  dibasic 
acid,  cedrenedicarboxylic  acid,  C14H2204,  m.p.  182-5°,  dimethyl 
ester,  b.p.  179-182-5°/12  mm.,  d20°  1-0732,  nD  1-4814,  aD  -  36-24°. 

*  Annalen,  1841,  39,  247;  1843,  48,  35;  Ann.  chim.  1843  [iiij,  1,  498;  1844  [iii], 
8,  854. 

f  Ber.  1907,  40,  3523. 
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The  ketonic  acid  can  be  prepared  very  readily  by  the  oxidation 
of  cedrene  with  ozone  and  the  oxidation  of  this  to  the  dicarboxylic 
acid  is  the  most  convenient  method  for  the  identification  of 
cedrene.*  The  oxidation  of  cedrene  to  the  ketonic  acid  (II)  and 
the  dicarboxylic  acid  (III)  can  only  be  explained  if  cedrene  is 
represented  by  (I),  the  reactions  involved  being  analogous  to  the 
oxidation  of  a-pinene  to  pinonic  and  pinic  acids. 

2H  CO,H 

NaOBr 


(II)  (III) 

The  reactions  of  cedrenedicarboxylic  acid  have  been  investi- 
gated by  Ruzicka  and  van  Melsen.j  The  acid  and  its  salts  show 
little  tendency  to  yield  a  cyclic  ketone ;  by  bromination  of  the 
acid  bromide,  a  dibromo-acid,  C14H20O4Br2,  was  prepared,  the 
ethyl  ester  distilling  in  a  high  vacuum  at  190-192°.  On  treatment 
with  magnesium  methyl  iodide,  ethyl  cedrenedicarboxylate  gave 
a  glycol,  C18H3402,  b.p.  158-160°/O5  mm.,  but  all  attempts  to 
dehydrate  this  proved  unsuccessful. 

Ruzicka  and  van  Melsen  have  obtained  results  of  great  interest 
from  their  experiments  with  the  ketone,  cedrone.  It  had  been 
observed  by  RoussetJ  that,  when  cedrene  was  oxidised  with 
chromic  acid,  it  gave  a  ketone,  cedrone,  from  which  a  liquid 
oxime,  b.p.  175-180°/8  mm.,  was  prepared.  Rousset  found  that 
the  ketone  could  be  reduced  to  an  alcohol,  isocedrol,  b.p.  148- 
151°/8  mm.  This  ketone  was  considered  by  Rousset  to  have  the 
composition  C15H240,  but  Semmler  and  Hoffmann  §  showed  this 
to  be  incorrect,  the  composition  being  C15H220.  They  charac- 
terised it  by  the  preparation  of  a  semicarbazone,  m.p.  242-243°. 
In  order  to  account  for  the  formation  of  the  ketone  Semmler  and 
Hoffmann  assumed  that  a  shift  of  the  ethylenic  linkage  occurred 
in  accordance  with  the  scheme : 

CH  CO 

v  — •*  V 

C.CH3  C.CH3 

*  Semmler  and  Risse,  Ber.  1912,  45,  355;  Semmler  and  Mayer,  ibid.  791,  1389; 
Semmler  and  Spornitz,  ibid.  1556. 

f  Annalen,  1929,  471,  54.  J  Bull.  Soc.  chim.  1897  [iii],  17,  485. 

§  Ber.  1907,  40,  3525. 
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The  more  recent  experiments  of  Ruzicka  and  van  Melsen  and 
also  of  Blumann,  Hellriegel  and  Schulz*  have  shown  this  ex- 
planation to  be  incorrect.  When  cedrene  is  treated  with  moist 
oxygen  in  the  presence  of  cobalt  resinate,  conditions  which,  in 
the  analogous  case  of  a-pinene,  yield  verbenol  and  verbenone  (see 
p.  121),  an  alcohol,  C15H240,  m.p.  103-5-104°,  b.p.  160°/12  mm., 
[a]D  —  217°  (in  alcohol),  is  obtained,  which  on  oxidation  yields 
cedrone,  m.p.  32-33°,  d15°  1-014,  n£  1-51293,  [a]D  -  91-40°. 
From  analogyf  with  a-pinene,  it  can  be  assumed  that  it  is  a 
— CH2  group  adjacent  to  the  ethylenic  linkage  which  has  been 
oxidised,  and  there  is  therefore  no  necessity  to  assume  a  shift  of 
this  linkage  to  account  for  the  formation  of  the  ketone.  Cedrene 
can  therefore  be  represented  by  (IV),  cedrone  by  (V),  whilst 
cedreneketonic  acid  and  cedrenedicarboxylic  acid  become  (VI) 
and  (VII),  respectively. 

CH2.C02H  CHo.COoH         CEL— CH  CO— CH 


CnH18  -<   CUH1{ 


CnH, 


C02H  CO.CH3  C.CHg  C.CH3 

(VII)  (VI)  (IV)  (V) 

Ruzicka  and  van  Melsen  showed  that  this  formula  for  cedrone 
was  correct  by  oxidising  it  with  ozone  to  noicedreneketonic  acid 
(VIII),  C14H2203,  m.p.  113-114°,  semicarbazone,  m.p.  242-243°, 
which  gave  with  sodium  hypobromite  norcedrenedicarboxylic 
acid  (IX),  C13H20O4,  m.p.  209°,  the  lower  homologue  of  cedrene- 
dicarboxylic acid. 

CO,H  C09H 


03      CUH18  NaOBr 

C.CH3  ^^CO.CH3 
(V)  (VIII)  (IX) 

A  careful  comparison  of  the  reactions  of  cedrenedicarboxylic 
acid  and  Tiorcedrenedicarboxylic  acid  has  enabled  Ruzicka  to 
arrive  at  certain  conclusions  regarding  the  structure  of  the  latter 
acid.  There  can  be  no  doubt  that  the  two  carboxyl  groups  in 
cedrenedicarboxylic  acid  are  similarly  situated.  The  acid  can  be 

*  Ber.  1929,  62,  1698;  1931,  64,  1540. 

f  This  analogy  was  first  recognised  by  Semmler  and  Jakubowicz,  Ber.  1914,  47, 
1143. 
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readily  esterified  and  the  ethyl  ester  equally  readily  hydrolysed. 
On  bromination  a  dibromo-acid  is  formed  and  by  the  action  of 
magnesium  methyl  iodide  a  glycol.  In  worcedrenedicarboxylic 
acid,  as  in  camphoric  acid,  the  two  carboxyl  groups  have  different 
properties.  On  esterification  in  the  usual  manner  with  methyl 
alcohol  in  the  presence  of  sulphuric  acid,  a  hydrogen  methyl  ester, 
m.p.  97°,  is  obtained,  whilst  the  diethyl  ester,  b.p.  90°/O5  mm., 
prepared  from  the  silver  salt,  is  only  partially  hydrolysed  by 
alkali  under  conditions  which  cause  the  complete  hydrolysis  of 
ethyl  cedrenedicarboxylate.  On  bromination  worcedrenedicar- 
boxylic  acid  gives  a  monobromo-acid,  C13H1904Br,  m.p.  213-214° ; 
whilst,  when  dimethyl  worcedrenedicarboxylate  is  treated  with 
magnesium  methyl  iodide,  a  hydroxy-ester,  C16H1803,  b.p.  128- 
130°/0-3  mm.,  is  obtained,  only  one  ester  group  reacting.  The 
ester  group,  which  resisted  attack  in  this  reaction,  is  evidently 
the  same  as  that  which  is  only  hydrolysed  and  esterified  with 
difficulty,  since  the  hydroxy-ester  is  not  readily  hydrolysed  to 
the  corresponding  acid.  When  the  ester  is  oxidised  with  chromic 
acid,  a  dicarboxylic  acid  cedrenecamphoric  acid,  C10H16O4,  and 
its  methyl  hydrogen  ester  are  obtained.  The  physical  constants  of 
dimethyl  cedrenecamphorate,  b.p.  166°/ 12  mm., 
are  very  similar  to  those  of  the  dimethyl  esters  of  camphoric  and 
camphenecamphoric  acids,  which  suggests  that  it  is  a  monocyclic 
acid. 

The  dicyclic  acid,  worcedrenedicarboxylic  acid,  with  its  two 
dissimilar  carboxyl  groups,  may  be  represented  by  one  of  the 
four  formulae  (X),  (X  a),  (X  b)  and  (X  c),  when  the  hydroxy- 
ester  obtained  by  the  Grignard  reaction  would  have  one  of  the 
formulae  (XI),  (XI  a),  (XI  b)  or  (XI  c). 

Of  these,  formula  (XI)  can  be  immediately  rejected,  since  it 
cannot,  on  oxidation,  give  rise  to  a  dibasic  acid,  C10H16O4.  It 
must  give  either  a  dicyclic  dicarboxylic  acid,  CuH1604  (XII),  or 
a  monocyclic  dicarboxylic  acid,  C9H1404  (XIII).  Formula  (XI  b) 
can  likewise  be  rejected,  since  it  cannot  give  on  oxidation  the 
hydrogen  ester  of  a  monocyclic  dicarboxylic  acid,  C10H16O4,  as 
the  ester  group  must  disappear  to  yield  an  acid  having  the 
structure  (XV).  Both  (XI  a)  and  (XI  c)  are,  however,  possible 
representations  for  the  hydroxy-ester,  since  they  can  both  give 
rise  to  hydrogen  esters  represented  by  (XIV)  and  (XVI).  The 
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properties  of  cedrenecamphoric  acid,  which  is  an  oil,  are  in  good 
agreement  with  either  of  these  formulae.  The  two  carboxyl 
groups  are  differently  situated,  since  they  vary  in  their  rate  of 


CH.C02H 


\ 


CH.CH.C02H 

CH3 
(X) 
CH3 

C.C02H 


C7H12 

\ 


CH.C09CH, 


C7H12 


(Xa) 


OH 

CH.CH.C(CH3)2 

CH3 
(XI) 

CH, 


CtH12 


(XII) 


OH 

I 

CH.CH2.C(CH3)2 
(XI  a) 


C02H 
or  C7H12 

(XIII) 

CH, 


(XIV) 


CqH, 


CH3 
(Xb) 

CH.C02H 


CH.CH2.C02H 
(Xc) 


OH 

I 

C— CH2.C(CH3)2 

CH3 
(XI  b) 


CH.CO,CH, 


OH 

CH.CH2.C(CH3)2 
(XI  c) 


C7H3 


CH.C02H 
(XV) 

( 

or  C8H14 


(XVI) 


(XVI  a) 


esterification  and  hydrolysis.  If  these  two  formulae  be  adopted, 
then  cedrene  itself  will  be  represented  by  either  (XVII)  or 
(XVIII),  when  the  various  reactions  of  the  hydrocarbon  are 
shown  in  the  scheme  opposite. 

Although  no  definite  proof  is  at  present  available,  it  would 
appear  that  formula  (XVII)  is  the  more  probable  and  this  is 
supported  by  the  following  evidence.   It  was  mentioned  that 
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I  CH9 


H 

I  II 

CH  C.CH3 

\/ 
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I  (XVII) 
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CH,  


CH  C.CH, 


CH2 
03  I  (Cedrone) 
CH, 


CO.CH, 


CH2  CH.CH2 

I  NaOBr 

CH3 

CeH10 — C — C02H 
CH,  CH.CTL.COJI 


(norcedrenedicarboxylic  acid) 
CH3 
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I 

CH 


,  CH. 


^/CHg 

CH, .  C — OH 


Cr03 1  (XI  a) 
CH, 


CHa 


CeH10 — CH .  C02CH3 

io2H 

(XIV) 

(cedrenecamphoric  acid) 
CH, 


^6  "10  ^ 

CH2  CI 


l2  \JH .  CH2 .  CO .  CH3 

(cedreneketonic  acid) 
NaOBr  J 
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CgH10 — C .  CH2 .  C02H 
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CH2  CH.CH2.C02H 

(cedrenedicarboxylic  acid) 


536 


HYDROCARBONS 


PT.  II 


norcedrenedicarboxylic  acid  gives  on  bromination  a  monobromo- 
acid.  This  is  in  agreement  with  (XIX),  but,  if  (XX)  be  correct, 
the  formation  of  a  dibromo-acid  would  be  anticipated.  When 
this  bromo-acid,  which  may  be  represented  by  (XXI),  is  treated 
with  alkali  an  unsaturated  monocarboxylic  acid,  C12H1802,  m.p. 
90-91°,  is  formed.  If  formula  (XXI)  be  assumed  for  the  bromo- 
acid,  then  the  unsaturated  acid  must  be  (XXII);  it  yields  on 
reduction  a  mixture  of  dihydro-acids  (XXIII),  C^H^C^,  one  of 
which  melts  at  60-62°.  This  acid,  when  tested  by  the  method  of 
v.  Braun  and  Heymons*  (compare  isocampholic  acid,  p.  367), 
has  been  found  not  to  have  a  hydrogen  atom  attached  to  the 
a-carbon  atom,  which  is  in  agreement  with  formula  (XXIII). 

CH3  CH3  CH3 


The  nature  of  the  ring  structure  comprising  the  group  "C6H10" 
has  not  yet  been  determined,  but  Ruzicka's  experiments  have 
shown  that  the  formulae  for  cedrene  suggested  by  Semmlerf 
and  by  Deussenf  cannot  be  correct. 

Cedrene  can  be  readily  reduced  catalytically  to  give  dihydro- 
cedrene,  b.p.  122-123°/10  mm.,  d20°  0-9204,  n™°  1-4929,  a™°  +  2°. 
When  it  is  oxidised  with  manganese  dioxide  and  sulphuric  acid 
o-phthalic  acid  is  obtained.  §  Gibson,  Robertson  and  Kerr  ||  have 
shown  that  the  hydrocarbon  reacts  with  chromyl  chloride  to  give 
an  additive  compound,  C15H24,  2JCr02Cl2,  which  is  decomposed 
by  water  yielding  a  substance,  C^H^O,  b.p.  93°/0-015  nun., 
n£  1-5462,  which  is  apparently  either  an  aldehyde  or  a  ketone. 
By  the  action  of  mercuric  acetate  in  acetic  acid  solution  an 
alcohol  is  formed,  possibly  identical  with  pseudo-cedrol  (p.  590). H 

Cedrene  is  stated  to  yield  a  nitrosochloride,  m.p.  100-102°,  but 
this  substance  has  not  been  investigated.** 

The  hydrocarbon  is  isomerised,  when  it  is  digested  for  some 

*  Ber.  1928,  61,  1089.  f  Ibid.  1914,  47,  2558. 

t  J.  pr.  Chem.  1927  [ii],  117,  297.  §  Deussen,  loc.  tit. 

||  J.C.8.  1926,  p.  166.  If  Bell,  ibid.  1930,  p.  1908. 

**  SchimmeVs  Report,  1904,  n,  20;  Chapman  and  Burgess,  Proc.  C.S.  1896,  140. 
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hours  with  formic  acid,*  or  when  it  is  heated  to  330°  under 
pressure. f  In  neither  case  have  the  products  which  are  formed 
been  identified. 


African  oil  of  copaiba,  which  is  obtained  from  Oxystigma  Mannii 
Harms.,  was  observed  by  Schimmel  and  Co. J  to  contain  a 
laevorotatory  hydrocarbon,  C15H24,  which,  although  it  differed 
considerably  from  cadinene  in  its  properties,  gave  Z-cadinene 
dihydrochloride  by  the  action  of  hydrogen  chloride.  More 
recently  the  same  hydrocarbon  has  been  separated  by  Hender- 
son, M'Nab  and  Henderson  §  from  oil  of  supa,  which  is  obtained 
from  the  tree  Sindora  Wallichii  Benth.  The  reactions  of  this 
hydrocarbon,  to  which  the  name  copaene  has  been  given,  have 
been  investigated  by  Semmler  and  Stenzel,  ||  who  have  shown  it 
to  be  a  tricyclic  hydrocarbon  containing  one  ethylenic  linkage. 

Copaene  is  a  colourless  viscid  oil,  b.p.  119-120°/10  mm., 
d15°  0-9077,  Tip  1-48943,  [a]D  -  13-21°,  [RL]D  =  64-97,  C15H24  = 
64-45.  The  presence  of  one  ethylenic  linkage  was  established 
by  its  hydrogenation  in  the  presence  of  platinum  to  dihydro- 
copaene,  C15H26,  b.p.  118-121°/12  mm.,  dls°  0-9826,  n£°  1-47987, 
[a]D  —  12-2°,  and  this  was  confirmed  by  a  study  of  the  products 
formed  on  ozonolysis  and  on  oxidation  with  potassium  per- 
manganate. In  both  cases  the  acid  product  of  the  oxidation 
consisted  of  a  monobasic  ketonic  acid,  copaene  ketonic  acid, 


*  Robertson,  Kerr  and  Henderson,  J.C.S.  1925,  127,  1946. 
f  Semmler  and  Jakubowicz,  Ber.  1914,  47,  2257. 
%  SchimmeVs  Report,  1914,  April,  p.  48. 
§  J.C.S.  1926,  p.  3077. 
||  Ber.  1914,  47,  2555. 
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C15H2403,  semicarbazone,  m.p.  221°,  methyl  ester,  b.p.  182- 
185°/18  mm.,  d2s°  1-0313,  nD  1-48181,  [a~]D  +  27°,  semicarbazone, 
m.p.  193-194°.  This  ketonic  acid  must  contain  the  group, 


H3C 


^>CH .  CO—,  since  it  is  oxidised  by  potassium  hypobromite  to 

a  dibasic  acid,  copaenedicarboxylic  acid,  C12H1804,  dimethyl  ester, 
b.p.  178-182°/17  mm.,  du°  1-072,  nD  1-47242,  [a]D+  34°. 

Since  copaene  gives  with  hydrogen  chloride  cadinene  dihydro- 
chloride,  which  has  formula  (I)  (see  p.  506),  it  must  contain  the 
same  carbon  skeleton  as  this  hydrochloride.  The  formation  of 
copaene  ketonic  acid  establishes  conclusively  the  position  of  the 
ethylenic  linkage  and,  as  one  of  the  rings  undergoes  fission  with 
hydrogen  chloride,  it  is  probably  a  ci/cfopropane  ring.  If  this  be 
accepted,  the  latter  reaction  being  analogous  to  the  conversion 
of  the  carenes  into  dipentene  and  sylvestrene  dihydrochlorides, 
it  follows  that  the  most  probable  representation  of  copaene  is 
(II).  Copaene  ketonic  acid  would  then  have  formula  (III)  and  the 
dicarboxylic  acid  (IV). 

CH3 

CH  CH 


H,C 

HCl  |      |  | 

<   HC  CH\C.CH 


H.C 


C  CHS 

I 

CH 


(II) 
|  KMn04 

CH^ 

CH  CH 


KOBr  H2C     CH\  CH2 

H02C     CH  ^C.CH3  H02C  CH^C.CHS 


OC  CH2 

I 

CH 


H3C 

(IV)  (HI) 
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Although  this  constitution  has  not  been  rigidly  proved,  it  is 
very  probably  correct.  An  alternative  representation  (V),  which 
would  also  yield  cadinene  dihydrochloride,  should  have  a  much 
higher  molecular  exaltation  owing  to  the  conjugation  of  the 
ethylenic  linkage  with  the  cyclopropane  ring.  The  actual  exalta- 
tion (+  0-52)  is  approximately  that  which  would  be  anticipated 
for  a  hydrocarbon  containing  a  cyclopropane  ring. 

CH3 

d)H  CH, 


H2C     CH  CH2 

J    I  L 


HC     C  C.CH 


C  CH2 
CH 


H3C  CH3 
(V) 

An  additional  product  of  the  oxidation  of  copaene  with  potas- 
sium permanganate  is  a  glycol  (VI),  b.p.  178-185°/17  mm., 
d12°  1-039,  nD  1-50266,  [a\D  +  13°. 

THE  GURJUNENES 

Gurjun  balsam,  an  oleo-resin  derived  from  various  species  of 
Dipterocarpus ,  yields  an  oil,  which  was  shown  by  Deussen*  to  be 
a  mixture  of  sesquiterpenes,  which  gave  on  oxidation  a  ketone, 
semicarbazone,  m.p.  243°.  By  prolonged  fractional  distillation  of 
the  oil  Deussen  and  Philippf  separated  two  sesquiterpenes,  a- 
and  fi-gurjunenes,%  one  of  which  was  dextrorotatory  and  the 
other  Zaevorotatory.  Both  hydrocarbons  gave  on  oxidation  the 
same  ketone,  b.p.  175-178°/12  mm.,  which  Deussen  and  Philipp 
considered  to  have  the  composition,  C15H240. 

These  sesquiterpenes  have  been  investigated  by  Semmler  and 
Jakubowicz,§  who  have  shown  them  both  to  be  tricyclic.  It  is 

*  Annalen,  1909,  369,  56. 
f  Ibid.  1910,  374,  105. 

%  Mitter  and  Palit  (Proc.  Indian  Sci.  Cong.  1927,  p.  161)  have  described  a  tricyclic 
hydrocarbon,  inene,  which  they  separated  from  the  oleo-resin  of  D.  tuberculatus. 
Since  the  hydrocarbon  gives  the  Turner  colour  reaction  it  is  probably  identical  with 
the  gurjunenes. 

§  Ber.  1914,  47,  1029,  1144,  2253. 
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not  possible  to  separate  them  by  fractional  distillation,  but,  if 
the  sesquiterpene  mixture  is  oxidised  first  with  chromic  acid  in 
acetic  acid  solution  and  then  with  potassium  permanganate  in 
acetone  solution,  until  no  further  change  in  rotatory  power  can 
be  observed,  the  Zaevorotatory  hydrocarbon  is  completely  de- 
stroyed and  the  pure  dextrorotatory  hydrocarbon,  Deussen's 
j8-gurjunene,  obtained.  /3-Gurjunene  boils  at  120-123°/13  mm., 
d20°  0-9348,  Tip  1-50275,  Op-f-  74-50,  constants  very  similar  to 
those  of  cedrene  (p.  530).  On  oxidation  with  either  chromic  acid 
or  potassium  permanganate,  it  yields  the  ketone  first  described 
by  Deussen.  This  ketone  has  the  composition,  C15H220,  and  is 
isomeric  with  cedrone  (p.  532).  It  melts  at  43°,  b.p.  163- 
166°/10  mm.,  d20°  1-017,  nD  1-52700,  aD  +  123°,  and  on  reduction 
with  sodium  and  alcohol  gives  an  unsaturated  alcohol,  m.p.  104°, 
b.p.  155-159°/11  mm.,  d20°  1-001,  nD  1-51859,  aD  +  34°.* 

From  the  semicarbazone  of  the  ketone  /S-gurjunene  can  be 
regenerated  by  Wolff's  method.  On  catalytic  hydrogenation  it 
yields  dihydro-fi-gurjunene,  b.p.  120°/8  mm.,  d  0-9258,  nD  1-49775, 
aD  —  37-5°.  Like  other  tricyclic  sesquiterpenes,  it  does  not  give 
a  naphthalene  hydrocarbon  on  dehydrogenation  with  sulphur. f 
When  j3-gurjunene  is  heated  in  a  sealed  tube  at  330°  for  some 
hours  it  is  decomposed  yielding  a-terpinene  and  a  diterpene, 
C20H32,  b.p.  170°/10  mm.,  d20°  0-9603,  nD  1-54043.J 

The  lower  boiling  tevorotatory  sesquiterpene,  a-gurjunene, 
b.p.  114-116710  mm.,  d20°  0-918,  nD  1-5010,  aD  -  95°,  was  se- 
parated by  fractional  distillation  of  the  oil,  but  it  was  not 
obtained  quite  free  from  the  isomeride,  since  it  gave  on  oxidation 

*  The  properties  of  this  alcohol  are  very  similar  to  those  of  the  alcohol  obtained 
by  the  auto-oxidation  of  cedrene  (p.  532),  as  will  be  seen  from  the  following  table. 
According  to  Semmler  and  Jakubowicz  cedrone  is  not  identical  with  the  gurjunene 
ketone. 


M.P. 
B.P. 

d 


Cedrone 
32-33° 

d15°  1-014 
71™°  1-51293 
-  91-40° 


Semicarbazone 
m.p.  242-243c 


Gurjunene  ketone 
43° 

163-166°/10  mm. 
d20°  1-017 
1-5270 
+  123° 


237c 


isoCedrol 
103-5-104° 
160°/12mm. 


-  217-5°  (in 
alcohol) 


Gurjunene  alcohol 

104° 
158-159°/11  mm. 
1001 
1-51859 
+  34° 


f  Ruzicka,  Pontalti  and  Balas,  Helv.  Chim.  Acta,  1923,  6,  864. 
%  Semmler  and  Jakubowicz,  Ber.  1914,  47,  2254. 
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a  small  quantity  of  the  ketone.  a-Gurjunene  is  tricyclic  and  on 
catalytic  hydrogenation  only  one  molecule  of  hydrogen  is  ab- 
sorbed. It  differs  from  /?-gurjunene  in  giving  the  Turner  colour 
reaction.  No  evidence  of  the  constitution  of  this  hydrocarbon 
has  been  obtained,  but  it  is  possible  that  it  contains  a  cyclo- 
propane ring,  since,  like  sabinene,  it  shows  a  very  marked  mole- 
cular exaltation  (1*0).  On  treatment  with  hydrogen  chloride,  it 
yields  a  liquid  monohydrochloride,  which,  when  heated  with 
sodium  acetate  in  acetic  acid  solution,  gives  a  dicyclic  hydro- 
carbon or  mixture  of  hydrocarbons,  b.p.  123-129°/12  mm., 
d\o°  0-9233,  Up  1-5105,  aD  -  39°,  which  has  been  found  to  yield 
on  catalytic  hydrogenation  a  hydrocarbon,  C15H28,  b.p.  125- 
130°/12  mm.,  d™'  0-9021,  1-4910.*  This  differs  from  all  the 
other  known  hydrocarbons  having  a  similar  density,  in  that,  on 
dehydrogenation  with  sulphur,  no  naphthalene  hydrocarbon  is 
formed. 

When  a-gurjunene  is  heated  at  330°  in  a  sealed  tube  it  yields 
a  monocyclic  terpene,  an  azulene  and  a  diterpene,  b.p.  163- 
1750/13  mm.,  d20°  0-9495,  nD  1-54125.  The  monocyclic  terpene 
was  not  identified,  f 

LONGIFOLENE 

The  tricyclic  sesquiterpene,  longifolene,  C15H24,  b.p.  254- 
2567706  mm.,  150-151736  mm.,  dl°0l  0-9284,  n™*  1-4950,  [a]D  + 
42-73°,  has  been  shown  by  SimonsenJ  to  occur  in  the  essential 
oils  obtained  from  the  oleo -resins  of  Pinus  longifolia,  P.  Khasya 
and  P.  Merkusii.  It  can  be  identified  by  the  preparation  of  the 
hydrochloride,  m.p.  59-60°,  +  7-1°,  the  hydrobromide,  m.p. 
69-70°  and  the  hydriodide,  m.p.  71°. 

The  constitution  of  the  hydrocarbon  has  not  been  determined, 
but  its  reactions  have  been  studied  in  some  detail  by  Simonsen.§ 
When  it  is  oxidised  with  chromic  acid  in  acetic  acid  solution,  it 
yields,  in  addition  to  a  diketone,  which  will  be  referred  to  later, 
a  monobasic  acid,  longifolic  acid,  C^H^Og,  m.p.  152-153°,  methyl 

*  Ruzicka,  Pontalti  and  Balas,  Helv.  Chirn.  Acta,  1923,  6,  864. 
-j-  Semmler  and  Jakubowicz,  loc.  ext. 

%  J.C.S.  1920,  117,  578;  Ind.  For.  Bee.  1922,  9,  113;  1923,  10,  52. 
§  J.C.S.  1923,  123,  2642. 
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ester,  b.p.  170-173°/14  mm.,  amide,  m.p.  133°.  Longifolic  acid  is 
readily  isomerised  to  an  acid,  isolongifolic  acid,  m.p.  136°,  when 
it  is  treated  with  mineral  acids,  but  this  acid  can  be  prepared 
very  much  more  conveniently  by  oxidation  of  the  sesquiterpene 
with  potassium  dichromate  and  sulphuric  acid.  It  yields  a 
crystalline  methyl  ester,  m.p.  54-55°,  and  an  anilide,  m.p.  197°. 
On  reduction  with  sodium  in  alcoholic  solution,  methyl  iso- 
longifolate  gives  the  alcohol,  isolongifolol,  C14H240,  m.p.  112-114°, 
phenylur  ethane,  m.p.  91-92°,  which  can  be  oxidised  to  the  alde- 
hyde, isolongif aldehyde,  b.p.  170°/35  mm.,  semicarbazone,  m.p. 
210°.  The  relationship  of  longifolic  and  isolongifolic  acids  to  one 
another  has  not  been  determined,  but  they  are  probably  cis- 
trans -isomerides.  Both  acids  are  extremely  resistant  to  oxidising 
agents  and,  when  they  are  warmed  with  potassium  permanganate 
in  alkaline  solution,  a  complex  mixture  of  acids  is  obtained.  It 
was  found  possible  to  separate  from  this  mixture  as-dimethyl- 
succinic  acid  and  an  acid,  C10H14O2,  m.p.  244°,  which  resembled 
teresantalic  acid  in  its  properties. 

The  formation  of  the  saturated  acids,  longifolic  and  isolongi- 
folic acids,  by  the  oxidation  of  the  sesquiterpene  can  only  be 
explained,  if  it  be  assumed  that  it  has  a  side  chain,  — CH  :  CH2, 
attached  to  the  tricyclic  ring  structure.  Both  acids  show  weak 
acidic  properties  and  they  can  only  be  esterified  with  difficulty, 
the  methyl  esters  being  equally  difficult  to  hydrolyse.  There  can 
be  no  doubt  that  the  carboxyl  group  is  tertiary,  which  is  sup- 
ported by  the  fact  that  neither  acid  can  be  brominated.  Nothing 
is  known  of  the  nature  of  the  ring  structure  in  the  terpene  beyond 
the  fact  that  it  must  contain  a  ^em-dimethyl  group.  It  cannot  be 
dehydrogenated  with  sulphur  and  the  occurrence  of  the  side 
chain  indicates  that  it  is  not  a  derivative  of  either  cadalene  or 
eudalene. 

It  was  mentioned  above  that  amongst  the  neutral  products  of 
the  oxidation  with  chromic  acid  was  a  diketone.  This  yellow 
crystalline  ketone,  d-longif-l :  2-dione,  C15H2202,  m.p.  93-94°,  is 
apparently  the  only  diketone  belonging  to  the  sesquiterpene 
series  which  has  been  described.  It  resembles  camphor quinone 
very  closely  in  appearance  and  also  in  its  properties.  There  can 
be  no  doubt  that  it  is  a  1  :  2-diketone,  since  it  gives  with 
o-phenylenediamine  a  quinoxaline  derivative,  m.p.  134°.  It  has 
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been  characterised  also  by  the  preparation  of  a  monosemicar- 
bazone,  m.p.  214-216°,  monophenylhydrazone,  m.p.  129-130°, 
mono-ip-bromophenylhydrazone,  m.p.  159°  and  a  mono-oxime, 
m.p.  226-227°.  Apart  from  the  quinoxaline  derivative,  no 
derivatives  in  which  the  second  carbonyl  group  has  reacted  have 
been  prepared,  which  affords  evidence  that  this  must  be  attached 
to  a  tertiary  carbon  atom.  On  reduction  with  zinc  dust,  it  yields 
a  ketonic  alcohol,  d-longif-l-ol-2-one,  m.p.  115-1 17°,  100-8°, 
acetyl  derivative,  m.p.  90-91°.  The  diketone  is  not  attacked  by 
potassium  permanganate  or  hydrogen  peroxide  and  it  cannot  be 
brominated,  but,  when  treated  with  a  mixture  of  nitric  and 
sulphuric  acids,  ring  fission  occurs  with  the  formation  of  a  dibasic 
acid,  l-a-longiforic  acid,  C15H2402,  m.p.  225-227°,  [a]D  -  23-47°, 
dimethyl  ester,  m.p.  94^95°.  a-Longiforic  acid  yields  an  anhy- 
dride and  is  isomerised  when  heated  with  hydrogen  bromide  at 
140°  to  1-p-longiforic  acid,  m.p.  197-198°,  [a]D  -  49-3°.  This 
acid  does  not  give  an  anhydride  and,  although  the  relationship 
of  the  two  acids  has  not  been  proved,  it  appears  probable  that 
they  are  c*s-£ra?is-isomerides.  The  resemblance  of  tZ-longif-1  :  2- 
dione  to  camphorquinone  is  shown  in  the  behaviour  of  its  mono- 
oxime  on  treatment  with  benzoyl  chloride  in  pyridine  solution, 
when  it  gives  a  mixture  of  an  anhydride,  C30H46O4N2,  m.p.  182- 
183°,  and  a  cyano-acid,  C15H2302N,  m.p.  127°.* 

The  relationship  of  this  diketone  to  longifolic  acid  has  not 
been  determined  and  it  is  of  course  possible  that  they  do  not 
originate  from  the  same  hydrocarbon.  This  possibility  is  en- 
hanced by  the  very  small  yield  of  the  diketone  which  is  obtained. 
It  is,  indeed,  difficult  to  account  for  the  formation  of  a  diketone 
from  a  hydrocarbon  having  the  group,  — CH  :  CH2 ,  in  the  side 
chain,  although  it  could  result  from  an  a-hydroxy  acid  in  a 
manner  analogous  to  the  conversion  of  a-fenchocarboxylic  acid 
into  carbofenchonone  (see  p.  477). 

Simonsen  has  tentatively  suggested  formulae  for  longifolene 
and  its  degradation  products,  but  these  require  experimental 
confirmation. 

*  Compare  Forster,  J.C.S.  1905,  87,  240. 
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THE  8ANTALENE8 

Owing  to  its  pharmacological  importance  East  Indian  sandal- 
wood oil,  which  is  obtained  from  the  wood  of  Santalum  album, 
has  been  very  thoroughly  investigated  and  it  has  been  shown  to 
contain  a  large  number  of  substances,  the  majority  of  which 
show  a  very  close  structural  relationship  with  one  another.  For 
our  knowledge  of  the  chemistry  of  this  oil  we  are  indebted 
mainly  to  the  investigations  of  v.  Soden  and  Miiller,*  Guerbet,f 
Semmler  and  his  collaborators,  J  Schimmel  and  Co.§  and  Ruzicka 
and  Liebl.|| 

It  will  be  convenient  to  tabulate  here  the  more  important 
constituents  of  the  oil. 

I.  Hydrocarbons 

Santene,  C9H14  (p.  206) 
iVortrici/cfoekasantalane,  CUH18 
a-Santalene,  C15H24 
jS-Santalene,  C^H^ 

II.  Alcohols 

Santenol,  C9H160  (p.  212) 
Teresantalol,  C10H16O 
a-Santalol,  C15H240 

III.  Aldehyde 

iVortricf/cfoekasantalal,  CuH160 

IV.  Ketones 

Santenone,  C9H140  (p.  217) 
Santalone,  CuH160 

V.  Acids 

Teresantalic  acid,  C10H14O2 
Santalic  acid,  C15H220? 

*  Arch.  Pharm.  1900,  238,  353. 

f  Compt.  rend.  1900, 130,  417,  1324. 

%  Ber.  1907,  40,  1120,  1124,  3321,  4465,  4594;  1908,  41,  125,  385;  1910,  43,  445, 
1723,  1893;  1911,  44,  462;  1913,  46,  2306;  1914,  47,  1153;  2080;  1916,  49,  2563. 

§  SchimmeVs  Report,  1910,  Oct.  p.  121. 
|j  Helv.  Chim.  Acta,  1925,  9,  140. 
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If  we  exclude  from  consideration  santene,  santenol  and 
santenone,  the  chemistry  of  which  has  been  discussed  already, 
the  remaining  constituents  of  the  oil  may  be  divided  into  two 
classes:  (i)  those  having  a  dicyclic,  and  (ii)  those  having  a  tri- 
cyclic structure.  The  nature  of  the  former  has  not  been  definitely 
established,  but  the  constitution  of  the  tricyclic  constituents  of 
the  oil  has  been  determined.  All  these  substances  can  be  degraded 
to  teresantalic  acid,  and  it  will  be  convenient  to  discuss  first  the 
properties  and  constitution  of  this. 

Teresantalic  acid,  which  occurs  in  sandalwood  oil,  both  in  the 
free  state  and  in  the  form  of  its  esters,  was  isolated  practically 
simultaneously  by  v.  Soden  and  Muller*  and  by  Guerbet,|  who 
showed  it  to  have  the  composition,  C10H14O2.  The  acid,  m.p.  157°, 
[a]D  —  76* 6°  (in  benzene),  is  extremely  resistant  to  the  action  of 
oxidising  agents.  When  it  is  digested  with  dilute  sulphuric  acid, 
it  is  converted  into  santene  (III),  whilst,  with  formic  acid,  the 
formate  of  santenol  (IV)  is  obtained  (see  p.  213).  Semmler 
suggested  that  teresantalic  acid  might  be  represented  by  either 
the  "camphene"  formula  (I)  or  the  "camphor"  formula  (II), 
the  conversion  into  santene  and  santenol  involving  a  Wagner 
rearrangement. 


[7]CH 


[6]  HC  


[10]  CH, 
C[9] 


CH  [7] 


[5]  H2C 


H2C  

CH2 

H2C  CH  C 

(III) 

*  Arch.  Pharm.  1900,  238,  303. 
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H2C 
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CH  CH2 


(IV) 

f  Compt.  rend.  1900,  130,  417. 
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It  was  pointed  out  by  Ruzicka  and  Stoll,*  that  these  two 
formulae  are  structurally  identical  and  that  they  differ  only  in 
their  spacial  arrangement.  In  order  to  render  this  clear  the 
carbon  atoms  in  the  two  formulae  have  been  numbered.  This 
constitution  for  teresantalic  acid  has  been  shown  by  Ruzicka  and 
Lieblf  to  be  correct.  It  had  been  found  by  SemmlerJ  that,  when 
methyl  teresantalate  (V),  b.p.  85-86°/ll  mm.,  aD  —  63-45°,  was 
reduced  with  sodium  in  alcoholic  solution,  it  gave  an  alcohol, 
teresantalol  (VI),  C10H16O,  m.p.  114°,  [a]D  -f-  11-58°,  from  which, 
by  the  action  of  phosphorus  pentachloride,  a  chloride  (VII),  b.p. 
78-85°/9  mm.,  could  be  prepared.  This  chloride  on  reduction 
with  sodium  in  alcoholic  solution  gave  a  hydrocarbon,  teresan- 
talane,  C10H16.  Semmler  described  this  hydrocarbon  as  an  oil, 
b.p.  165-168°,  but,  if  the  formula  assigned  to  teresantalic  acid 
was  correct,  then  teresantalane  should  be  identical  with  tricyclene 
(VIII).  Ruzicka  and  Liebl  prepared  teresantalane  by  a  modifica- 
tion of  Semmler's  method.  Teresantalol  was  oxidised  with 
chromic  acid  to  the  aldehyde,  teresantalol  (IX),  the  semicarbazone, 
m.p.  217°,  of  which  gave,  when  heated  with  sodium  ethylate  at 
180°,  a  hydrocarbon  identical  with  tricyclene  (p.  273).  The 
constitution  of  teresantalic  acid  is  therefore  rigidly  proved. 


CH 


CH, 


CH9 
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Na+  CJLOH 


/C02CH3 
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CH3 


CH 
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*  Hdv.  Chim.  Acta,  1922,  5,  928.     f  Ihid-  1925>  9>  140-      X  Ber-  1907'  40'  3102- 
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Although  teresantalic  acid  is  extremely  resistant  to  oxidising 
agents,  it  is  readily  attacked  by  hydrogen  chloride,  ring  fission 
occurring  with  the  formation  of  a  hydrochloride,  m.p.  199°.  This 
hydrochloride  gives  on  reduction  dihydroteresantalic  acid,  m.p. 
226°,*  whilst  it  is  converted  into  a  lactone  by  the  action  of 
alkalies.|  Rupe  and  Tomi{  have  observed  that,  when  methyl 
teresantalate  is  treated  with  hydrogen  chloride,  it  yields  a 
mixture  of  a  solid  and  a  liquid  hydrochloride,  the  former 
melting  at  68°.  When  either  hydrochloride  is  digested  with  ani- 
line, methyl  isoteresantalate,  b.p.  93-5-94-5°/10  mm.,  [a]D— 104-63°, 
is  formed,  which,  on  hydrolysis,  yields  isoteresantalic  acid,  m.p. 
141-5°,  [a]D  —  127-58°  (in  benzene).  Teresantalic  and  ^oteresan- 
talic  acids  are  stereoisomerides. 

The  two  sesquiterpenes  present  in  sandalwood  oil,  which  are 
designated  a-  and  /3-santalenes,  can  only  be  separated  from  one 
another  by  prolonged  fractional  distillation,  and  it  is  therefore 
doubtful  if  either  of  them  has  been  obtained  pure.  Guerbet  was 
the  first  to  recognise  that  the  sesquiterpene  fraction  of  sandal- 
wood oil  was  not  homogeneous,  and  from  the  lower  boiling 
fraction,  a-santalene,  he  prepared  a  nitrosochloride,  m.p.  122°, 
from  the  higher  boiling  fraction,  jS-santalene,  two  nitrosochlorides , 
m.p.  152°  and  106°. 

a-Santalene,  b.p.  11877mm.,  d15° 0-9132,  rajf  1-49205,  ^-3-34°, 
is  tricyclic  and  it  is  a  derivative  of  teresantalic  acid.  Its  con- 
stitution has  been  conclusively  established  by  Semmler's  pro- 
longed investigations. 

When  a-santalene  is  oxidised  with  ozone  it  yields  an  alde- 
hyde, tricycloekasantalal  (XI),  C12H180,  b.p.  109-1 10°/10  mm., 
d20°  0-9845,  nD  1-48519,  aD  +  13-30°,  semicarbazone,  m.p.  156°, 
which  must  contain  the  group,  — CH.CHO  or  — CH2.CHO, 
since,  when  it  is  treated  with  sodium  acetate  and  acetic  an- 
hydride, it  yields  the  enol-acetate  of  tricycloekasantalal  (XII), 
b.p.  130-132°/10  mm.  This  acetate,  on  oxidation  with  potassium 
permanganate  in  acetone  solution,  gives  nortricycloekasantalic 
acid  (XIII),  m.p.  93°,  b.p.  143-145°/10  mm.  If  methyl  nortri- 
cycioekasantalate  is  reduced  with  sodium  in  alcoholic  solution, 

*  Semmler  and  Bartelt,  Ber.  1907,  40,  3102. 

f  v.  Soden  and  Miiller,  Arch.  Pharm.  1900,  238,  303. 

t  Ber.  1916,  49,  2563. 
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an  alcohol,  nortricycloekasantalol  (XIV),  C^H^O,  b.p.  114- 
117710  mm.,  d20°  0-9558,  nD  1-49049,  [a]D  -  0-7°,  is  obtained, 
which,  on  oxidation  with  potassium  dichromate  and  sulphuric 
acid,  gives  nortricycloekasantalal  (XV),  CuH160,  b.p.  91- 
940/ll  mm.,  d20°  0-9964,  nD  1-48301,  [a]D  -  30-8°,  semicarbazone, 
m.p.  224°.  This  aldehyde  was  degraded  in  exactly  the  same 
manner  as  tric^/cfoekasantalal.  By  the  action  of  sodium  acetate 
and  acetic  anhydride  it  was  converted  into  the  enol-acetate  (XVI), 
b.p.  IIO-H371O  mm.,  d20°  1-0270,  ^  1-48374,  [a]D  -  25-67°, 
and  this,  on  oxidation  with  potassium  permanganate,  gave 
teresantalic  acid  (XVII).  From  this  series  of  reactions  it  follows 
that  a-santalene  must  be  represented  by  (X). 
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It  has  been  pointed  out  by  Ruzicka  and  Stoll  that  ct-santalene 
is  a  derivative  of  eudalene,  as  will  be  apparent  from  the  skeleton 
formula  (XVIII). 

a-Santalene  can  be  readily  hydrogenated  in  the  presence  of 
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platinum  black  to  dihydro-a-santalene,  d20°  0-899,  nD  1*495.*  On 
treatment  with  hydrogen  chloride,  it  yields  a  liquid  dihydro- 
chloride,  b.p.  140-142°/0-55  mm.,  d20°  1-076,  nD  1-4976,  fission  of 
the  ci/cZopropane  ring  occurring.  This  chloride  on  reduction  with 
sodium  in  alcoholic  solution  gives  a  tetrahydrosantalene,  C15H28, 
b.p.  116-11879mm.,  d20°  0-864,  nD  1-4676,  aD  +  7-30°,  whilst, 
when  it  is  treated  with  alkali,  a  sesquiterpene  is  obtained  which 
is  possibly  identical  with  jS-santalene.  On  hydration,  a-santalene 
furnishes  a  tertiary  alcohol,  b.p.  154-157°/5  mm.,  d15°  0-9787, 
nD  1-51725,  which  can  be  dehydrated  with  formic  acid  to  a 
terpene,  which  is  not  identical  with  a-santalene.  a-Santalene 
does  not  yield  a  naphthalene  hydrocarbon  on  dehydrogenation 
with  sulphur. 

P-Santalene  boils  at  125-126°/7  mm.,  d20°  0-8940,  1-49460, 
aD  —  41-3°, "f  and  from  its  physical  constants  must  be  a  dicyclic 
hydrocarbon.  This  is  borne  out  by  its  reactions,  and  although  its 
constitution  has  not  been  fully  elucidated,  the  position  of  one  of 
the  ethylenic  groups  is  known  and  its  close  structural  relation- 
ship to  a-santalene  established.  When  the  hydrocarbon  is 
oxidised  with  ozone  it  yields  an  aldehyde,  ekasantalal,  C12H180, 
which  has  not  been  obtained  pure,  but  which  can  be  converted 
through  its  oxime  into  an  acid,  ekasantalic  acid,  C-^H^Og.  These 
reactions  may  be  represented  by  the  scheme : 

CH3 

CUH17 .  CH  :  CH  ->  CnH17 .  CHO  ->  CnH17 .  CH  :  NOH  ->  CnH17 .  CN  —  CUH17 .  C02H 
CH3 

This  acid  was  found  to  be  identical  with  an  acid  which  had 
been  prepared  by  Semmler  and  Bode  J  from  tricycloekasantalic 
acid.  This  acid,  m.p.  71-72°,  b.p.  163-165°/9-5  mm.,  d15°  1-0482, 
nD  1-49383,  is  obtained  when  a-santalol  (p.  582)  is  oxidised  with 
either  potassium  permanganate  or  ozone.  Its  constitution  must 
be  represented  by  (XIX),  since  it  can  be  converted  into  nortri- 
c?/doekasantalal  (XI).  Methyl  tricycloekasantalate  gives  on  re- 

*  Semmler  and  Jakubowicz,  Ber.  1914,  47,  1153. 
f  SchimmeV  s  Report,  1910,  October,  p.  121. 

j  Ber.  1907,  40,  1139.  Semmler,  ibid.  3321 ;  the  composition  of  tricycZoekasantalic 
acid,  m.p.  71-72°,  is  C12Hlg02,  and  not  CuH1602,  as  given  in  this  paper  (compare 
Semmler,  Ber.  1910,  43,  1898). 
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duction  with  sodium  in  alcoholic  solution  tricycloekasantalol 
(XX),  b.p.  130-132°/10  mm.,  d25°  0-9859,  nD  1-4947,  and  from 
this,  by  oxidation  with  chromic  acid,  trici/cZoekasantalal  (XI) 
can  be  prepared.  The  proof  of  the  constitution  of  this  aldehyde 
has  been  given  on  p.  547. 
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When  trici/cfoekasantalic  acid  (XIX)  is  treated  in  methyl 
alcoholic  solution  with  hydrogen  chloride,  it  yields  the  chloride 
of  a  methyl  ester,  C13H2102C1,  b.p.  154-158°/10  mm.,  d15°  1-103, 

15°  •  •  • 

nD  1*49668,  aD  +  16°,  fission  of  one  of  the  rings  having  accom- 
panied the  esteriflcation.  It  is  not  known  in  what  direction  this 
ring  fission  occurs,  but  for  convenience  the  ester  may  be  repre- 
sented by  (XXI).  This  ester,  when  warmed  with  an  alcoholic 
solution  of  potassium  hydroxide,  gave  an  unsaturated  acid, 
eJcasantalic  acid,  m.p.  64°,  b.p.  168-169°/10-5  mm.,  d25°  1-058, 
nD  1-50327,  [a]D+  41-81°,  identical  with  that  obtained  by  the 
oxidation  of  /?-santalene.  The  position  of  the  ethylenic  linkage  in 
this  acid  is  not  known,  but  assuming  that  (XXI)  be  correct  (it 
must  be  emphasised  that  there  is  no  experimental  support  for 
this  representation),  then  the  acid  will  be  (XXII)  and  /3-santa- 
lene  (XXIII). 
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/S-Santalene  can  be  characterised  by  the  preparation  of  the 
two  nitrosoclilorides,  m.p.  106°  and  152°.  It  gives  with  hydrogen 
chloride  a  dihydrocMoride,  identical  probably  with  that  prepared 
from  c<-santalene.*  It  cannot  be  dehydrogenated  to  a  naphtha- 
lene hydrocarbon  with  sulphur. t  On  hydration  by  the  Bertram- 
Walbaura  method  it  yields  an  alcohol,  C15H260,  b.p.  160- 
165°/6  mm.,  d15°  0-978.} 

Semmler  and  Jonas  §  have  prepared  a  hydrocarbon,  which 
they  suggest  is  identical  with  ^S-santalene,  by  heating  a  mixture 
of  isoprene  and  /3-phellandrene  under  pressure.  The  identifica- 
tion was  based  solely  on  the  evidence  of  a  resemblance  in  physical 
properties  and  was  not  supported  by  the  preparation  of  any 
derivatives. 

The  low  boiling  fraction  of  sandalwood  oil  contains  a  hydro- 
carbon, CUH18,  b.p.  183=,  d20°  0-9092,  n2£  1-47860,  aD  -  23-55°, 
which  Schimmel  and  Co.  j  suggest  is  identical  with  nortncyclo- 
ekasantalane  (XXIV),  b.p.  183-5°,  d20°  0-885,  n™'  1-46856, 
aD  —  11°,  which  was  prepared  by  Semmler  and  Boder  by  the 
distillation  of  the  ozonide  of  a-santalol  under  diminished 
pressure.  The  identity  has  not  been  definitely  established,  but 
would  appear  probable.  The  hydrocarbon  is  very  stable  and 
cannot  be  hydrated. 

CH 

/|\  CH3 
CH2 

H2C  C  CH3 

\/Vh2 

CH  CH3 
(XXIV) 

*  Guerbet,  Cornpt.  rend.  1900,  130,  1324;  Semmler,  Ber.  1910,  43,  446. 
t  Ruzicka  and  Stoll,  Helv.  Chim.  Acta,  1923,  6,  854. 
%  v.  Soden  and  Miiller,  Arch.  Pharm.  1900,  238,  263. 
§  Ber.  1914,  47,  2080. 

j|  SchimmeVs  Report,  1910,  October,  p.  121. 
1  Ber.  1907,  40,  1137. 
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VETIVENE 

Vetivene  is  the  name  given  to  the  mixture  of  dicyclic  and 
tricyclic  hydrocarbons  having  the  composition,  C15H24,  which 
occur  in  oil  of  vetiver  from  Vetivaria  zizanioides  Stapf.  This 
mixture  of  hydrocarbons,  first  separated  by  Gladstone,*  has 
since  been  examined  by  Genevresse  and  Langlois,f  Semmler, 
Bisse  and  SchrotterJ  and  by  Ruzicka,  Capato  and  Huyser.§ 
According  to  the  last-mentioned  authors  the  tricyclic  hydro- 
carbon boils  at  126-127°/12  mm.,  0-9372,  1-5143  and 
the  dicyclic  at  132-133°/12  mm.,  d\i°  0-9339,  n1^  1-5179.  The 
dicyclic  hydrocarbon  yields  cadalene  on  dehydrogenation  with 
sulphur,  but  its  constitution  has  not  been  determined,  nor  has 
that  of  the  tricyclic  terpene. 

In  addition  to  vetivene,  the  oil  contains  a  mixture  of  dicyclic 
and  tricyclic  primary  and  secondary  alcohols,  the  vetivenols, 
C15H240,  and  a  tricyclic  acid,  vetivenic  acid,  C15H2202 .  The  dicyclic 
primary  alcohol,  b.p.  152-154°/12  mm.,  d\T  0-9851,  1-5241, 
is  a  mixture,  since  it  yields,  on  dehydrogenation  with  sulphur, 
both  cadalene  and  eudalene,  whilst  the  tricyclic  alcohol,  b.p. 
170-172°/12  mm.,  d\?  1 -,0228,  »Jf  1-5255,  a^+  29-60,  did  not 
yield  any  naphthalene  derivatives  when  treated  with  this 
reagent. 

*  J.C.S.  1872,  25,  3. 

f  Compt.  rend.  1902,  135,  1059. 

t  Ber.  1917,  45,  2347. 

§  Bee.  trav.  chim.  1928,  47,  370. 
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In  1904  Haarmann  and  Reimer*  reported  the  presence  in  oil 
of  ambrette  seeds  (from  Abelmoschus  moschatus  Moensch.)  of  a 
sesquiterpene  alcohol,  farnesol,  C15H260.  This  alcohol  has  been 
found  since  to  occur  somewhat  widely  distributed  in  nature.  It 
has  been  isolated  from  citronella  oil,f  palmarosa  oil,  J  rose  oil,§ 
neroli  oil||  and  oil  of  robinia  pseud-acacia.H 

A  consideration  of  its  physical  constants,  more  especially  its 
low  density,  indicated  that  farnesol  was  an  acyclic  alcohol  and 
must  therefore  contain  three  ethylenic  linkages.  This  has  been 
confirmed  by  the  investigations  of  Kerschbaum,**  who  has 
determined  its  constitution. 

Farnesol  must  be  a  primary  alcohol,  since  it  forms  a  hydrogen 
phthalate  by  the  action  of  phthalic  anhydride  in  benzene  solu- 
tion and,  on  oxidation  with  chromic  acid  mixture,  it  gives  an 
aldehyde,  farnesal,  C15H240,  b.p.  173-174°/14  mm.,  d10°  0-893, 
nD  1*4991,  semicarbazone,  m.p.  133-135°.  On  digestion  with 
acetic  anhydride  farnesaloxime  yields  a  nitrile,  the  nitrile  of 


*  O.P.  149603. 

f  Elze,  Chem.  Ztg.  1913,  37,  1422. 
t  Ibid.  1910,  34,  85. 

§  v.  Soden  and  Treff,  Ber.  1904,  37,  1094. 
||  SchimmeVs  Report,  1914,  April,  p.  71. 
If  Elze,  Chem.  Ztg.  1910,  34,  810. 
**  Ber.  1913,  46,  1732. 
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farnesenic  acid,  which,  on  hydrolysis  with  alkali,  behaves  in 
exactly  the  same  manner  as  the  nitrile  of  geranic  acid,  yielding 
a  mixture  of  farnesenic  acid  (V),  b.p.  202-206°/16  mm.,  and  a 
ketone,  C13H220.  The  latter  is  identical  with  afi-dihydroionone 
(geranylacetone)  (VI),  the  synthesis  of  which  is  described  on 
p.  559  (see  also  vol.  i,  p.  42).*  The  nitrile  must  therefore  be 
represented  by  (IV),  from  which  it  follows  that  farnesaloxime 
must  be  (III),  farnesal  (II)  and  farnesol  (I),f  the  reactions 
involved  being  outlined  in  the  scheme : 


H3C  CH3  CH3 

\) :  CH .  CH2 .  CH2 .  i :  CH .  CH2 .  CH2 .  C :  CH .  CH2OH 
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^CrCH.CHij.CHa.CrCH.C^.C^.CrCH.CHO 
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\l :  CH .  CH2 .  CH2 .  C :  CH .  CH2 .  CH2 .  L  :  CH .  CH  :  NOH 
H3C  (III)  acetic  anhydride 

H3C  CH3  CH3 

^CrCH.C^.C^.CtCH.CHjj.CHij.CtCH.CN 
HgC^  (IV)  I  KOH 
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\j :  CH .  CH2 .  CH2 .  C :  CH .  CH2 .  CH2 .  C :  CH .  C02H 
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H3C  CH3  CH3 

C :  CH .  CH2 .  CH2 .  C :  CH .  CH2 .  CH2 .  CO  +  H3C .  C02H 
H3C//  (VI) 


The  constitution  assigned  by  Kerschbaum  to  farnesol  has 
been  confirmed  by  Harries  and  Haarmann,J  who  have  shown 
that,  on  oxidation  with  ozone,  a  triozonide  (VII)  is  obtained, 

*  ajS-Dihydroionone  is  obtained  also  when  farnesal  is  digested  with  potassium 
carbonate  solution.  (Verley,  Bull.  Soc.  chim.  1924  [iv],  35,  606.) 
f  For  simplicity  only  one  formula  is  used  for  farnesol. 
t  Ber.  1913,  46,  1737. 
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which,  when  decomposed  by  water,  yields  acetone  (VIII), 
laevulinaldehyde  (IX)  and  glycolaldehyde  (X).  Another  product 
of  the  oxidation  is  formaldehyde  and  the  bearing  of  this  will  be 
discussed  below.  Farnesol  has  been  synthesised  by  Ruzicka,* 
who  has  shown  that,  when  synthetic  c^-nerolidol  is  digested  with 
acetic  anhydride,  farnesol  is  formed  (see  p.  559). 
H3C  CH3  CH3 

^C  CH .  CH2 .  CH2 .  C  CH .  CH2 .  CH2 .  i  CH .  CH2OH 

HaC^  \  V  \ 

(VII)  I 

H3C  CH3  CH3 

\x>+  OHC.CH2.CH2.CO+  OHC.CH2.CH2.CO  +  OHC.CH2OH 
H3C^ 

(VIII)  (IX)  (IX)  (X) 

Although  these  experiments  have  shown  conclusively  that 
farnesol  must  be  represented  by  formula  (I),  yet  there  can  be 
little  doubt  that,  like  geraniol  and  linalool  (vol.  I,  pp.  37,  51),  it 
is  not  homogeneous,  but  is  a  mixture  of  the  two  alcohols  re- 
presented by  (I)  and  (I  a).  This  is  supported  by  the  observation 
referred  to  above,  that  formaldehyde  is  one  of  the  products  of 
ozonolysis,  and  also  by  its  degradation  to  aj8-dihydroionone, 
which,  since  it  is  prepared  from  geranyl  chloride,  cannot  be 
homogeneous. 

H3C  CH3  CH3 

\) :  CH .  (CH2)2 .  C  :  CH .  (CH2)2 .  C :  CH .  CH2OH 
HaC^  (I) 
H3C  CH3  CH3 

\) .  CH2 .  (CH2)2 .  C :  CH .  (CH2)2 .  C :  CH .  CH2OH 
H2C  (I  a) 

In  addition  to  farnesol  being  a  mixture  of  the  two  structural 
isomerides  (I)  and  (I  a)  it  is,  as  has  been  pointed  out  by  Ruzicka, f 
probably  also  a  mixture  of  stereoisomerides,  four  modifications, 
(I  b),  (I  c),  (I  d)  and  (I  e),  being  theoretically  possible.  J 

*  Helv.  Chim.  Acta,  1923,  6,  510. 
f  Ibid.  1923,  6,  495. 

%  Farnesol  may  therefore  be  a  mixture  of  eight  isomeric  alcohols. 
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H3C  H3C 

\ :  CH .  CH2 .  CH2 .  C .  CH3  \l :  CH .  CH2 .  CH2 .  C .  CH3 

H3C/                       I  H3(/  I 

H3C.C.CH2.CH2.C.H  H3C.C.CH2.CH2.C.H 

H.C.CH2OH  HOH2C.C.H 

(lb)  (Ic) 

HSC 


C :  CH .  CH2 .  CH2 .  C .  CH3 
YLj/  H.C 


(Id) 


CH2 .  CH2  •  C .  CH3 
H0H9C.C.H 


H3C^ 


H3C  H.C.  CH2 .  CH2 .  C .  CH3 

H.C.CH2.OH 

(Ie) 

The  physical  properties  of  farnesol,  apart  from  its  boiling- 
point,  120°/O3  mm.,  show  somewhat  marked  variations  de- 
pending upon  its  origin,  as  will  be  seen  from  the  following  table : 

Origin                             d  nD 

Ambrette  oil  d™°  0-885  1-4881 

Orange  oil  d™°  0-8934  nT  1-4899 

Citronella  oil  <215°  0-895  — 

Cananga  oil  dl5°  0-895  — 

^-Nerolidol  df0°  0-8908  1-4890 

d-Nerolidol  df°  0-8954  ng°  1-4924 

It  has  not  proved  possible  to  determine  the  configuration  of 
farnesol,  but,  since  linalool  gives  by  the  action  of  acetic  an- 
hydride a  mixture  of  geraniol  and  nerol  (vol.  1,  p.  54),  it  is  possible 
that  farnesol,  when  prepared  from  nerolidol,  is  also  a  mixture  of 
stereoisomerides  and  these  may  differ  from  those  present  in  the 
natural  alcohol. 

Farnesol,  which  is  best  purified  through  its  hydrogen  phtha- 
late,  is  a  colourless  somewhat  mobile  oil,  with  a  highly  charac- 
teristic odour,  which  makes  it  valuable  as  a  perfume.  It  does 
not  yield  any  crystalline  derivatives  and  is  identified  by  oxida- 
tion to  farnesal.  On  long  keeping  it  slowly  decomposes  with  the 
formation  of  a-farnesene  (XI),*  which  is  formed  also  when  the 

*  Harries  and  Haarmann,  Ber.  1913,  46,  1741. 
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alcohol  is  digested  with  potassium  hydrogen  sulphate.*  Farne- 
senef  is  a  colourless  mobile  oil,  b.p.  128-130°/12  mm.,  d\T  0-8385, 
nD  1-4965.  It  gives  on  ozonolysis  laevulinaldehyde  and  does  not 
yield  any  naphthalene  hydrocarbon  on  dehydrogenation  with 
sulphur.  Some  further  reactions  of  farnesene  are  described  on 
p.  562. 


It  is  possible  that  farnesene  is  identical  with  the  acyclic 
sesquiterpene,  b.p.  138-140°/9  mm.,  d20°  0-8489,  ^  1-153252, 
[a]z>+  0-36°,  which  Semmler  and  Spornitz  separated  from  Java 
citronella  oil.  J  This  hydrocarbon  gave  on  digestion  with  formic 
acid  a  monocyclic  terpene,  b.p.  129-132°/15  mm.,  d20°  0-8892, 
nD  1-5089,  [a]D  +  56°,  which  should  consist  essentially  of  bisa- 
bolene,  if  the  above  assumption  be  correct,  but  no  mention  is 
made  of  the  preparation  of  a  crystalline  trihydrochloride. 

The  hydrogenation  of  farnesol  to  the  saturated  alcohol, 
hexahydrofarnesol  (XII),  2:6:  10-trimethyldodecanol,  which  was 
first  carried  out  by  Semmler,  Jonas  and  Roenisch,§  has  been 
investigated  more  recently  by  Fischer  and  L6wenberg,||  who 
have  found  that  the  acetate  of  the  alcohol  is  reduced  more  readily. 
Hexahydrofarnesol  is  a  colourless  oil,  b.p.  151-152-5°/10  mm., 
d\i  0-8491,  w^0  1-448.  During  the  hydrogenation  a  considerable 
quantity  of  the  saturated  hydrocarbon,  farnesane,  2  :  6  :  10- 
trimethyldodecane,  b.p.  119-5-120°/ll  mm.,  d2J° 0-7682,  n2J°  1-4303, 
is  formed.  When  hexahydrofarnesol  is  oxidised  with  chromic 
acid,  it  yields  the  saturated  aldehyde  hexahydrofarnesol  (XIII), 
b.p.  145-147°/11  mm.,  semicarbazone,  m.p.  248-250°. H 

*  Kerschbaum,  Ber.  1913,  46,  1733;  Ruzicka,  Helv.  Chim.  Acta,  1923,  6,  498. 
f  Farnesene  is  obtained  also  by  the  dehydration  of  nerolidol  (see  p.  562). 
%  Ber.  1913,  46,  4028.  §  Ibid.  1917,  50,  1836. 

||  Annalen,  1928,  464,  69;  ibid.  1929,  475,  183. 
If  v.  Braun  and  Anton,  Ber.  1929,  62,  1491. 
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By  the  action  of  phosphorus  tribromide  on  hexahydrofarnesol 
Fischer  and  Lowenberg  prepared  the  bromide  (XIV),  b.p.  150- 
154°/ 10  mm.,  which,  on  condensation  with  ethyl  sodioacetate 
followed  by  hydrolysis,  gave  the  ketone,  C18H360  (XV),  b.p. 
173-5-174°/10  mm.,  d2J°  0-8317,  n2J°  1-4435,  semicarbazone,  m.p. 
66-67°,  which  is  identical  with  that  obtained  by  the  oxidation  of 
pJiytol,  C20H40O,  with  chromic  acid. 

H3C  CH3  CH3 

\lH .  (CH2)3 .  CH .  (CH2)3 .  CH .  CH2 .  CHO 

Bj/  (XIII)  t 

|Cr03 

H3C  CH3  CH3 

\  I  I 

CH .  (CH2)3 .  CH .  (CH2)3 .  CH .  CH2 .  CH2OH 

HgC^  (XII)  |  PBr3 


HaC 


L  I 

)3.CH.  " 


CH .  (CH2)3 .  CH .  (CH2)3 .  CH .  CH2 .  CH2Br 
H8C  (XIV) 


H3C  CH3  CH3 

\h  .  (CH2)3 .  CH .  (CH2)3 .  CH .  CH2 .  CH2 .  CH2 .  CO .  CH3 

H3C/  (XV) 

tCr03 
C20H40O 
(Phytol) 

The  oxidation  of  farnesol  with  potassium  permanganate  results 
in  its  complete  degradation  with  the  formation  of  acetone.* 

By  the  action  of  phosphorus  tribromide  on  farnesol  Karrer 
and  Helfensteinf  have  prepared  farnesyl  bromide.  This  could  not 
be  purified  but  gave  on  treatment  with  magnesium  a  mixture 
of  hydrocarbons  in  which  the  presence  of  squalene  could  be 
detected. 

NEROLIDOL 

H3C  CH3  CH3 

C :  CH .  CH2 .  CH2 .  C :  CH .  CH2 .  CH2 .  C .  CH  :  CH2 

H3C^  d)H 

or 

H3C  CH3  CH3 

C — CH2 .  CH2 .  CH2 .  C :  CH .  CH2 .  CH2 .  C — CH  :  CH2 

H2C^  d)H 
*  Kerschbaum,  Ber.  1913,  46,  1732.  f  Helv.  Chim.  Acta,  1930,  14,  78. 
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The  acyclic  sesquiterpene  alcohol,  nerolidol,  C15H260,  was  iso- 
lated by  Hesse  and  Zeitschel*  from  neroli  oil,  an  oil  obtained 
from  the  fresh  flowers  of  the  bitter  orange,  Citrus  Bigaradia. 
This  alcohol  was  shown  subsequently  by  Schimmel  and  Co.t  to 
be  identical  with  the  alcohol,  peruviol,  which  had  been  separated 
by  Thorns  J  from  Peru  balsam. 

Although  Semmler,  Jonas  and  Roenisch§  suggested  that 
nerolidol  was  probably  identical  with  farnesol,  they  furnished 
no  experimental  evidence  in  support  of  their  suggestion,  and 
the  investigations  of  Ruzicka  1 1  have  shown  this  to  be  incorrect. 

A  consideration  of  the  physical  constants  and  reactions  of 
nerolidol  led  Ruzicka  to  conclude  that  nerolidol  bore  the  same 
relationship  to  farnesol  as  linalool  (III)  did  to  geraniol  (IV). 
Since  farnesol  has  been  shown  (p.  554)  to  be  represented  by  (II), 
it  followed,  if  this  conclusion  was  correct,  that  nerolidol  must 
have  formula  (I).H 

H3C  CH3  CH3 

^CiCH.CHa.CHa.^CH.CHj.CHis.C.CHtC^ 

HaC^  OH 
(I) 

H3C  CH3 
C 
OH 

(III) 

H3C  CH3  CH3 

\) :  CH .  CH2 .  CH2 .  C :  CH .  CH2 .  CH2 .  C :  CH .  CH2OH 

H^  (II) 

H3C  CH3 

"c  :  CH.CH2.CH2.C :  CH.CH2OH 

H3C/  (IV) 
H3C  CH3  CH3 

^C:CH.CH2.CH2.C:CH.CH2.CH2.C:CH.CHO 

H3C^  (V) 

*  J.  pr.  Chem.  1902  [ii],  66,  504.  f  SchimmeTs  Report,  1914,  April,  p.  75. 

$  Arch.  Pharm.  1899,  237,  274.  §  Ber.  1917,  50,  1824. 

II  Helv.  Chim.  Acta,  1923,  6,  483,  492. 

II  It  has  been  shown  (vol.  i,  pp.  48,  52)  that  geraniol  and  linalool  are  not  homo- 
geneous; from  analogy  it  is  probable  that  the  same  is  true  also  of  farnesol  and 
nerolidol;  for  simplicity  only  formula  (I)  is  used,  but  since  farnesol  is  undoubtedly 
a  mixture  the  same  must  be  true  in  the  case  of  nerolidol. 
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It  was  mentioned  in  vol.  i  (p.  48)  that  linalool,  on  oxi- 
dation with  chromic  acid  mixture,  gives,  like  geraniol,  citral, 
whilst,  on  digestion  with  acetic  anhydride,  it  is  converted  into 
geraniol.  Ruzicka  found  nerolidol  to  behave  in  exactly  the 
same  manner.  When  it  was  oxidised  with  chromic  acid  mixture 
it  gave  the  aldehyde,  farnesal  (V),  corresponding  to  citral, 
whilst,  when  digested  with  acetic  anhydride,  farnesol  (II)  was 
obtained  together  with  a  quantity  of  a  hydrocarbon  (see 
below). 

Complete  confirmation  of  the  structure  assigned  to  nerolidol 
was  obtained  by  its  synthesis,  which  followed  the  same  lines  as 
those  adopted  for  the  synthesis  of  linalool  (vol.  i,  p.  50).  By  the 
condensation  of  geranyl  chloride  (VI)  with  ethyl  sodioaceto- 
acetate,  followed  by  hydrolysis  with  barium  hydroxide,  afi-di- 
hydropseudoionone  (geranylacetone)  (VII)*  was  prepared  (vol.  i, 
p.  42),  which,  on  condensation  with  acetylene  in  the  presence  of 
sodamide,  gave  homogeranylethinylmethylcarbinol  (VIII).  Re- 
duction of  this  acetylene  alcohol  with  sodium  in  moist  ethereal 
solution  gave  dl-nerolidol  (I). 

H3C  CH3 

\) :  CH .  CH2 .  CH2 .  C  :  CH .  CH2 .  CI 
^/  (VI)  \ 

H3C  CH3 

\i :  CH .  CH2 .  CH2 .  C  :  CH .  CH2 .  CH2 .  CO .  CH3 

n*/  (vii) 

H3C  CH3 1  CH3 

^C:CH.CH2.CH2.C:CH.CH2.CH2.C.C:CH 

/  I 
H3C  (VIII)  OH 

H3C  CH3 1  CH3 

\) :  CH .  CH2 .  CH2 .  C  :  CH .  CH2 .  CH2 .  C .  CH  :  CH2 

H3C/  OH 
(I) 


*  Dupont  and  Labaune,  Sci.  Inst.  Rep.  Hour e-Bertr and  Fils,  1911,  April, 
p.  8. 
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e^-Nerolidol  does  not  give  any  crystalline  derivatives,  but  the 
identity  of  the  natural  and  synthetic  alcohols  was  proved  by  the 
conversion  of  the  latter  into  farnesol  and  farnesal. 

d-Nerolidol,  from  neroli  oil,  is  a  viscid  oil  with  a  faint  but 
pleasant  odour;  it  boils  at  125-127°/4-5  mm.,  cZ15°  0-880, 
n£  1-4802,  [a]D  +  12-48°,  the  alcohol  from  Peru  balsam  having 
very  similar  properties.  For  synthetic  cZZ-nerolidol,  Ruzicka 
observed  the  following  values :  b.p.  145-146°/12mm.,  d\T  0-8788, 

16° 

nD  1-4801.  It  has  been  pointed  out  by  Ruzicka  that  nerolidol 
can  exist  in  cis-  and  ^cms-modifications,  (I  a)  and  (I  b).  Since 
the  synthetic  cZZ-nerolidol  was  prepared  from  geranyl  chloride 
and  geraniol  has  the  cis-configuration  (IV  a)  (vol.  I,  p.  40),  it  may 
be  assumed  that  nerolidol  is  represented  by  (I  a).  No  evidence 
has  been  obtained  of  the  existence  of  the  £rcms-modification 
corresponding  to  nerol,  the  physical  constants  of  the  natural 
alcohols  from  neroli  oil  and  Peru  balsam  being  identical. 

H3C 

\!:CH.CH2.CH2.C.CH3  CH3 
H3C//  HC .  CH2 .  CH2 .  C .  CH  :  CH2 

(I  a)  i)H 

H3C^ 

C :  CH .  CH2 .  CH2 .  C .  CH3 

H3C  CH3 

H2C:CH.C.CH2.CH2.CH 

OH 
(lb) 

H.C 

C  :  CH .  CH2 .  CH2 .  C .  CH3 

H^  HC.CH2OH 
(IV  a) 

Nerolidol  resembles  linalool  in  its  properties  and  can  only  be 
esterified  with  great  difficulty.  cZZ-Nerolidol  does  not  yield  any 
crystalline  derivatives,  but  from  cZ-nerolidol  a  phenylur  ethane, 
m.p.  37-38°,  has  been  prepared.*  When  the  alcohol  is  treated 


ST  II 


*  SchimmeVs  Report,  1914,  April,  p.  76. 
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with  hydrogen  chloride  in  ethereal  solution,  it  yields  a  tetra- 
hydrochloride,  farnesene  tetrahydrochloride,  C15H28C14,  ni.p. 
50-51°. 

Important  results  have  been  obtained  by  Ruzicka  and  Capato* 
from  a  study  of  the  action  of  dehydrating  agents  on  e^-nerolidol. 
It  was  mentioned  above  that  when  the  alcohol  was  digested  with 
acetic  anhydride,  in  addition  to  farnesol,  a  hydrocarbon  was 
obtained.  This  acyclic  hydrocarbon,  which  is  formed  also  by  the 
dehydration  of  farnesol  (IX)  with  potassium  hydrogen  sulphate, 
is  probably  a  mixture  of  the  two  hydrocarbons  represented  by 
(X)  and  (XI),  which  may  be  designated  a-  and  ^-farnesenes .  If 
farnesene  is  digested  for  a  short  time  with  formic  acid,  it  yields 
a  monocyclic  sesquiterpene,  which,  from  its  method  of  prepara- 
tion, may  obviously  be  represented  by  either  (XII),  (XIII)  or 
(XIV).  The  reaction  as  formulated  corresponds  to  the  conversion 
of  linalool  into  dipentene  and  terpinolene.  This  monocyclic 
terpene,  b.p.  125-127°/12  mm.,  dls°  0-8451,  1-4823,  gave 
with  hydrogen  chloride  a  crystalline  trihydrocMoride,  m.p.  79- 
80°,  identical  with  bisabolene  trihydrocMoride  (XV),  and  from  this, 
by  the  action  of  sodium  acetate  in  acetic  acid  solution,  bisa- 
bolene, identical  with  the  natural  sesquiterpene  (p.  491),  was 
prepared.  The  three  hydrocarbons  (XII),  (XIII)  and  (XIV)  may 
be  designated  a-,  /3-  and  y-bisabolenes ;  as  was  shown  on  p.  492 
both  the  natural  and  synthetic  hydrocarbons  consist  essentially 
of  y-bisabolene  (XIV). 

In  addition  to  the  hydrocarbons,  farnesene  and  bisabolene, 
nerolidol  (and  farnesol)  give  on  treatment  with  formic  acid  or 
acetic-sulphuric  acid  the  formate  (or  acetate)  of  a  sesquiterpene 
alcohol.  The  alcohol,  obtained  on  hydrolysis,  was  freed  from 
farnesol  by  treatment  with  phthalic  anhydride  and  consisted  of 
nearly  pure  bisabolol  (XVI),  b.p.  154-156°/12  mm.,  <^o8°  0-9216, 
1-4939.  On  treatment  with  hydrogen  chloride  bisabolene 
trihydrochloride  (XV)  was  obtained. 

If  nerolidol  is  boiled  for  some  hours  with  formic  acid,  it  yields 
a  dicyclic  hydrocarbon,  probably  isocadinene  (XVIII),  b.p.  125- 
126°/12  mm.,  d\?  0-9160,        l-5089.f  The  formation  of  this 

*  Helv.  Chim.  Acta,  1925,  8,  259. 

f  Compare  Henderson  and  Robertson,  J.C.S.  1926,  p.  2811. 
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hydrocarbon  from  the  bisabolenes  occurs  probably  with  the 
intermediate  formation  of  the  y-terpinene  of  the  series  (XVII). 
The  properties  of  isocadinene  are  discussed  on  p.  508. 
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B.  ALCOHOL  DERIVED  FROM 
CADALENE 
CADINOL 

In  1914  Semmler  and  Jonas*  isolated  from  galbanum  oil  (from 
Peucedanum  galbanifluum  Baill.  and  P.  rudicaule  Baill.)  a 
dterorotatory  sesquiterpene  alcohol,  d-cadinol,  C15H260,  which 
gave  cadinene  dihydrochloride  on  treatment  with  hydrogen 
chloride.  Later  Henderson  and  Robertsonf  separated  the  optical 
enantiomorph,  Z-cadinol,  from  oil  of  cubebs.  Cadinol,  or  a 
mixture  of  cadinols,  occurs  also  in  West  Indian  sandalwood  oil.  J 

Cadinol  does  not  react  with  phthalic  anhydride  at  110°  and  it 
must  therefore  be  a  tertiary  alcohol  and,  since  it  contains  one 
ethylenic  linkage  and  yields  cadinene  dihydrochloride  (I),  it  may 
be  represented  by  either  of  the  formulae  (II),  (III)  or  (IV),  a-, 
j8-  and  y-cadinols. 

The  investigations  of  Ruzicka  and  Stoll§  have  shown  that 
(Z-cadinol  is  probably  a  mixture  of  all  three  isomerides,  consisting, 
however,  mainly  of  the  a-  and  j6-forms. 

On  catalytic  hydrogenation  of  d-cadinol,  d-dihydrocadinol, 
Ci5H280,  b.p.  150-153°/12  mm.,  d™°  0-9579,  n£°  1-4948,  aD+  23°, 

*  Ber.  1914,  47,  2073.  t  J.CJ9.  1926,  p.  2811. 

%  Ruzicka,  Capato  and  Huyser,  Rec.  trav.  chim.  1928,  47,  370;  Deussen,  J.  pr. 
Chem.  1928  [ii],  120,  123. 

There  is  no  longer  any  reason  to  retain  the  name  "amyrol"  used  by  Deussen  for 
this  mixture  of  alcohols. 

§  Helv.  Chim.  Acta,  1923,  7,  94. 
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is  obtained,  which  must  have  either  formula  (V)  or  (VI).  When 
the  saturated  alcohol  is  dehydrated  with  formic  acid,  it  yields 
dihydrocadinene,   C15H26,   b.p.    129-131°/10  mm.,   d\o°  0-8999, 

13° 

nD  1-4952,  for  which  the  most  probable  formulae  are  (VII), 
(VIII)  or  (IX). 

On  ozonolysis  dihydrocadinene  gave  a  neutral  substance, 
C15H2602,  b.p.  110702  mm.,  and  an  acid,  C15H2603,  b.p. 
140°/0-2  mm.,  which  were  probably  the  Jcetonic-aldehyde  (X)  and 
the  corresponding  ketonic  acid.  The  formation  of  these  sub- 
stances indicated  that  dihydrocadinene  consisted  essentially  of 
a  hydrocarbon  having  the  structure  (VII),  since,  if  either  of  the 
hydrocarbons  (VIII)  or  (IX)  had  been  present  in  considerable 
amount,  formation  of  the  dicyclic  ketones  (XI)  and  (XII)  might 
have  been  anticipated  (compare  the  ozonolysis  of  cadinene, 
p.  504).  "  Cadinol "  consists  therefore  mainly  of  the  two  alcohols, 
a-  and  j3-cadinols,  and  this  was  confirmed  by  a  study  of  the 
products  which  were  formed  on  the  ozonolysis  of  the  alcohol 
itself.  If  it  be  assumed  that  the  reaction  proceeds  normally, 
then  a  mixture  of  the  two  alcohols  (II)  and  (III)  should  yield  the 
hydroxy -ketonic-aldehydes  (XIII)  and  (XIV),  which  would  pass 
by  internal  condensation  into  the  unsaturated  hydroxy -ketones 
(XV)  and  (XVI).  These  would,  on  dehydration,  yield  the  un- 
saturated ketones  (XVII)  and  (XVIII). 

On  oxidation  with  ozone  e£-cadinol  gave  a  neutral  substance, 
C15H2402,  b.p.  180-184°/12  mm.,  which  was  probably  a  mixture 
of  (XV)  and  (XVI)  and  this,  on  digestion  with  formic  acid,  was 
dehydrated  to  a  substance,  C15H220,  b.p.  140-145°/12  mm.  This 
substance  could  not  be  characterised  by  the  preparation  of  any 
crystalline  derivatives,  but  since,  on  oxidation  with  manganese 
dioxide  and  sulphuric  acid,  it  gave  a  mixture  of  mellophanic  and 
trimellitic  acids  (XIX)  and  (XX)  (p.  568),  it  maybe  assumed  that 
it  was  a  mixture  of  the  unsaturated  ketones  (XVII)  and  (XVIII). 

Whilst  mellophanic  acid  (XIX)  would  result  from  the  oxida- 
tion of  either  (XVII)  or  (XVIII),  they  could  neither  of  them 
yield  trimellitic  acid  (XX).  The  formation  of  this  acid  is  probably 
due  to  the  presence  in  ^-cadinol  of  y-cadinol  (IV),  which  would 
on  ozonolysis  give  an  hydroxy -aldehyde  (XXI)  and  this  would, 
on  dehydration,  give  the  unsaturated  aldehyde  (XXII).  This 
aldehyde  should  on  oxidation  yield  trimellitic  acid  (XX). 
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These  experiments,  which  involved  very  great  experimental 
difficulties,  seem  to  admit  of  no  other  conclusion  than  that 
d-cadinol  is  a  mixture  of  the  three  alcohols  a-,  j8-  and  y-cadinols, 
in  which  the  two  former  probably  predominate. 

14° 

eZ-Cadinol  is  a  colourless  oil,  b.p.  155-156°/12  mm.,  d\o  0-9665, 
7i^°  1-5054,  +7-7°,  whilst  for  Z-cadinol  Henderson  and 
Robertson  found  b.p.  153-155°/10  mm.,  d20°  0-9727,  n£°  1-508, 
Va\m  —  54°.  It  can  be  identified  by  conversion  into  cadinene 
dihydrochloride.  When  it  is  heated  with  zinc  dust  under  pressure 
at  300°  it  is  dehydrated  to  cadinene. 
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a  ALCOHOLS  DERIVED  FROM 
EUDALENE 

ELEMOL 

In  1907  Clover*  separated  from  Manila  oil  of  elemi,  which  is 
obtained  from  the  oleo-resin  of  Canarium  luzonicum  A.  Gray, 
a  crystalline  alcohol,  elemol,  C15H260.  Elemi  oil  contains,  in 
addition  to  elemol,  elemicin,  and,  since  the  two  substances  boil 
at  the  same  temperature,  Semmler  and  Futung  Liaof  purified 
elemol  through  its  benzoate.  The  alcohol  obtained  from  this 
on  hydrolysis  was  an  oil,  b.p.  152-156°/17  mm.,  d20°  0-9411, 
nD  1-503°,  aD—  5°,  which  from  its  physical  constants,  [RL]D69*7Z, 
C15H260  f2  69-77,  was  apparently  monocyclic  and  contained 
two  ethylenic  linkages.  It  could  not  be  reduced  by  sodium  and 
alcohol,  but,  on  catalytic  hydrogenation  in  the  presence  of 
platinum,  tetrahydroelemol,  C]5H30O,  m.p.  35-5°,  b.p.  138- 
142°/13  mm.,  d20°  0-9080,  nD  1-4807,  aD  -  2°,  was  prepared. 
This  saturated  alcohol,  on  dehydration  with  formic  acid, 
gave  the  hydrocarbon,  tetrahydroelemene,  C15H28,  b.p.  118- 
120°/12  mm.,  d20°  0-8576,  nD  1-4760,  aD  -  15-2°.  By  the  de- 
hydration of  elemol,  the  sesquiterpene,  elemene,  C15H24,  b.p.  115- 
117o/10  mm.,  d20°  0-8797,  nD  1-4971,  was  obtained,  which  gave, 
on  catalytic  hydrogenation,  hexahydroelemene,  C15H30,  b.p.  114- 
116710  mm.,  d20°  0-8450,  rc^  1-4621,  [a]D  -  4-8°.  In  order  to 
gain  an  insight  into  the  structure  of  elemol,  Semmler  and  Futung 
Liao  oxidised  tetrahydroelemene  with  ozone  but,  before  pro- 
ceeding to  discuss  their  results,  it  is  necessary  to  refer  to  a  later 
investigation  due  to  Jansch  and  Fantl.}  These  authors,  by 
alternate  distillation  and  draining  on  porous  porcelain,  suc- 
ceeded in  purifying  elemol,  which  they  obtained  as  a  crystalline 
solid,  m.p.  46°,  differing  somewhat  in  its  physical  properties  from 
the  alcohol  described  by  Semmler  and  Futung  Liao.  Jansch  and 
Fantl  suggested  that  crystalline  elemol,  which  they  term 
a-elemol,  was  a  dicyclic  alcohol,  whereas  Semmler  and  Futung 
Liao's  liquid  alcohol  was  monocyclic,  ring  fission  occurring  during 
the  process  of  purification.  Ruzicka  and  Pfeiffer,§  who  were 

*  Philippine  J.  Sci.  1907,  2  A,  1.  f  Ber.  1916,  49,  794;  1917,  50,  1286. 

%  Ibid.  1923,  56,  1363.  §  Helv.  Chim.  Acta,  1926,  9,  841. 
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simultaneously  engaged  in  the  investigation  of  elemol,  showed 
Jansch  and  Fantl's  assumption  to  be  incorrect.  If  elemol  ben- 
zoate  is  purified  by  distillation  at  a  pressure  of  0-25  mm.,  then, 
on  hydrolysis,  it  yields  a  crystalline  alcohol,  identical  with  that 
described  by  Jansch  and  Fantl.  It  is,  however,  possible  that, 
if  the  distillation  be  carried  out  at  a  somewhat  higher  pressure 
(10  mm.),  some  molecular  rearrangement  does  occur,  but  there 
can  be  no  doubt  that  both  the  liquid  and  crystalline  alcohols  are 
monocyclic  and  contain  two  ethylenic  linkages. 

Very  great  difficulties  have  been  encountered  in  determining 
the  constitution  of  elemol,  but,  as  the  outcome  of  a  prolonged 
investigation  by  Ruzicka  and  Pfeiffer  and  Ruzicka  and  van  Veen,* 
there  can  be  little  doubt  that  it  consists  essentially  of  the  alcohol 
represented  by  (I).  It  is  possible  that  it  may  also  contain  a  small 
quantity  of  the  alcohol  (II). 
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H3C  |  CH  H3C  I  CH 

CH3  CH3 
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Elemol  is  undoubtedly  a  tertiary  alcohol,  since  it  does  not 
react  with  phthalic  anhydride,  is  readily  dehydrated  to  the 
hydrocarbon,  elemene,  and  when  heated  with  zinc  dust  at  220° 
under  pressure  yields  elemane,  C15H26,  b.p.  115-119°/10  mm., 
d\V  0-8830,  n%°  l-4950.f 

When  elemol  is  dehydrogenated  with  selenium  it  yields 
eudalene,  some  azulene  being  also  formed.  From  analogy  with 
selinene,  it  is  probably  therefore  an  alcohol  having  the  carbon 
skeleton  (III)  and,  since  there  is  no  doubt  that  the  isopropyl 
group  is  present  in  a  ring,  it  may  be  represented  by  one  of  the 
skeleton  formulae  (IV)  and  (IVa). 

1 K 


v  /\\/  v 

(HI)  (IV)  (IVa) 

*  Annalen,  1929,  476,  70.       f  Jansch  and  Fantl,  loc.  cit.  1368. 
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It  was  readily  shown  that  the  hydroxyl  group  must  be 
situated  in  either  position  1  or  2  in  formula  (IV).  By  the 
oxidation  of  tetrahydroelemene  with  ozone,  Semmler  and 
Futung  Liao  had  obtained  a  ketonic  aldehyde,  C15H2802,  which 
could  be  further  oxidised  to  a  ketonic  acid,  C15H2804,  and  this 
gave  on  treatment  with  sodium  hypobromite  a  dicarboxylic  acid, 
C^H^C^ .  Whilst  Ruzicka  and  Pfeiff er  were  able  to  confirm  these 
results,  they  found  that,  in  addition  to  the  ketonic  aldehyde, 
a  ketone,  C12H220,  semicarbazone,  m.p.  169°,  was  formed.  The 
separation  of  this  substance  showed  that  tetrahydroelemene 
was  not  homogeneous,  and  that  it  must  be  a  mixture  of  the  two 
hydrocarbons  represented  by  (VII)  and  (VIII),  derived  from  an 
alcohol  having  the  structure  (V)  or  (VI).  The  ketonic  aldehyde 
(IX)  and  its  oxidation  products  would  then  be  formed  from  (VII) 
and  the  ketone  (X)  from  (VIII). 
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Direct  proof  of  the  position  of  the  hydroxyl  group  has  not 
been  obtained,  but  there  can  be  little  doubt  that  it  is  in  the 
position  1  in  formula  (IV).  Semmler  and  Futung  Liao  found 
that  elemol  could  be  benzoylated  by  benzoyl  chloride  in  pyridine 
solution ;  a  comparative  study  of  the  reactivity  of  4-hydroxy-p- 
men thane  and  of  8-hydroxy-p-menthane  showed  that,  whereas 
the  latter  could  be  benzoylated  quite  readily  under  these  con- 
ditions, the  former  could  not.  It  follows  therefore  that  elemol 
must  be  similarly  constituted  to  8-hydroxy-p-men  thane. 

The  position  of  one  of  the  ethylenic  linkages  in  elemol  was 
readily  determined.  On  ozonolysis  the  alcohol  yields  a  mixture 
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of  mono-  and  di-ozonides,  the  former  of  which,  on  decomposition 
in  the  usual  manner,  gives  a  ketonic  alcohol,  C14H2402,  b.p.  125- 
135°/0-3  mm.  The  formation  of  this  substance  leaves  no  doubt 
that  one  of  the  ethylenic  linkages  must  be  exocyclic  and,  with  the 
skeleton  (IV)  as  the  basis,  elemol  can  be  represented  by  either 
(XI),  (XII),  (XIII)  or  (XIV),  when  the  ketonic  alcohol  obtained 
on  ozonolysis  would  be  either  (XV),  (XVI),  (XVII)  or  (XVIII). 
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Elemol  does  not  contain  a  conjugated  system  of  ethylenic 
linkages,  since  it  cannot  be  reduced  with  sodium  in  either  ethyl 
or  amyl  alcoholic  solution,  nor  does  it  react  with  ethyl  diazo- 
acetate.  Formula  (XII)  can  therefore  be  eliminated.  The  ketonic 
alcohol,  on  digestion  with  formic  acid,  is  dehydrated  and  yields 
an  unsaturated  ketone,  C14H220,  b.p.  125-127°/12  mm.,  which 
contains  two  ethylenic  linkages.  When  this  ketone  is  reduced 
with  sodium  in  alcoholic  solution  only  the  carbonyl  group  is 
attacked  with  the  formation  of  an  unsaturated  alcohol,  C14H240, 
b.p.  119-122°/12  mm.  The  ethylenic  linkages  in  the  ketone 
cannot  therefore  be  conjugated,  which  must  be  the  case  if  it  is 
formed  by  the  dehydration  of  either  (XVI),  (XVII)  or  (XVIII). 
It  follows,  therefore,  that  the  unsaturated  ketonic  alcohol  must 
be  (XV)  and  elemol  itself  (XI).  The  unsaturated  ketone  is 
probably  represented  by  (XIX)  and  it  yields  on  catalytic  hydro- 
genation  the  saturated  ketone  (XX),  b.p.  131-133°/18  mm., 
d\o° 0-9120,  n£  1-4702,  semicarbazone,  m.p.  172°. 
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h2c/Xch\h.c^  h2c/Xchxch.ch 
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Further  indirect  evidence  of  the  position  of  the  second  ethy- 
lenic linkage  was  obtained  by  the  ozonolysis  of  elemene.  Although 
this  hydrocarbon  is  undoubtedly  a  mixture,  it  always  yields 
acetone  on  oxidation,  the  formation  of  which  can  only  be 
accounted  for,  if  the  alcohol  from  which  it  is  derived  is  repre- 
sented by  either  (XI)  or  (XII).  The  reasons  for  rejecting  (XII) 
have  been  given  already,  so  that  (XI)  may  be  regarded  with 
some  degree  of  certainty  as  correctly  representing  elemol.  There 
is,  however,  some  evidence  that  it  is  not  quite  homogeneous.  On 
oxidation  with  ozone  in  addition  to  the  ketonic  alcohol  (XV), 
some  acetaldehyde*  and  an  acid,  m.p.  145°,  having  the  com- 
position C13H2403,  are  obtained.  This  acid  can  be  readily  con- 
verted into  a  lactone,  C13H2202,  m.p.  37°.  It  is  obtained  also  by 

*  This  is  probably  formed  from  an  alcohol  having  the  structure  (II)  (p.  570). 
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the  oxidation  of  dihydroelemol  (see  below).  Ruzicka  and 
van  Veen  suggest  tentatively  that  it  is  derived  from  an  elernol 
having  the  carbon  skeleton  (XXI),  but  direct  proof  of  this  is  not 
available. 


Elemol,  when  purified  through  the  crystalline  phenylur ethane, 
m.p.  112-113°,*  melts  at  51-52°,  b.p.  144-1 45°/ 15  mm., 
d\o°  0-9400,  1-5042.  Apart  from  the  somewhat  higher 
melting-point,  the  constants  of  the  alcohol  purified  in  this 
manner  differ  little  from  those  of  that  purified  through  the 
benzoate. 

Although  elemol,  when  purified  through  its  benzoyl  deriva- 
tive, can  be  readily  reduced  to  tetrahydroelemol,  the  alcohol, 
which  has  only  been  purified  by  distillation,  is  hydrogenated 
with  much  greater  difficulty  and  yields  dihydroelemol,  m.p.  47°, 
b.p.  138°/12mm.,  d\o° 0-934,  n£°  1-4925,  naphthylur  ethane,  m.p. 
108°.  This  alcohol  must  be  represented  by  (XXII),  since,  on 
oxidation,  it  gives  the  ketone  (XXIII),  identical  with  that 
prepared  from  the  unsaturated  ketone  (XV)  (p.  572). 


(XXI) 


CH2 


C     CH2  CH3 


CO  CH2 
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H3C     C     CH2  CHg 


CH3 
(XXII) 


H3C  I  CH0 
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*  Glichitch,  Les  Parfums  de  France,  1926,  p.  256. 
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It  has  been  mentioned  that  elemol  on  dehydrogenation  with 
selenium  gives  eudalene  but  if  sulphur  is  used  then,  in  addition  to 
this  hydrocarbon,  a  thionaphthene  derivative,  C14H18S,  is  obtained, 
the  picrate  of  which  melts  at  110-111°.  For  this  substance 
Ruzicka  and  van  Veen  suggest  the  structure  (XXIV). 


EUDESMOL  (SELINENOL) 

CH,  CH2 


C    CH2  CH3 
HC^^ClTcH— C— OH  H2C/XCH^XCH— C^OH 

H„C     C     CHj    \h3  HgC     C     CH2  CH3 


CH2 


CH, 


CH, 


The  crystalline  sesquiterpene  alcohol,  eudesmol,  C15H260,*  was 
first  isolated  by  Baker  and  Smith  f  from  the  oil  derived  from 
Eucalyptus  piperita  and  it  has  since  been  found  to  occur  in 
various  other  eucalyptus  oils,  J  the  most  convenient  source  being 
E.  Macarthuri. 

Eudesmol,  m.p.  82-83°,  b.p.  156°/10  mm.,  d20°  0-9884 
1-516,  [ol]d  +  31-3°  (in  chloroform),  was  considered  by  Smith 
to  have  the  composition  C10H16O  and  to  be  an  oxide.  This  was 
later  found  to  be  incorrect,  eudesmol  being  an  alcohol  and  having 
the  composition  C15H260.  From  its  physical  constants  it  ap- 
peared probable  that  it  was  a  dicyclic  alcohol  containing  one 
ethylenic  linkage  and  this  was  confirmed  by  the  investigations 
of  Semmler  and  Tobias. §  They  found  that  eudesmol  could  be 
acetylated,  giving  eudesmol  acetate,   b.p.    165-170°/11  mm., 

*  The  alcohol,  uncineol,  described  by  Baker  and  Smith  (J.  Proc.  Roy.  Soc.  New 
South  Wales,  1907, 41,  196)  as  occurring  in  the  oil  from  Melaleuca  uncinata,  has  been 
shown  by  Penfold  (ibid.  1925,  49,  124)  to  be  identical  with  eudesmol,  whilst  Ruzicka, 
Koolhaas  and  Wind  (Helv.  Chim.  Acta,  1931, 14,  1178)  have  found  machilol  from  the 
oil  of  Machilus  Kusanoi  (SchimmeVs  Report,  1914,  1,  101;  Takagi,  J.  Pharm.  Soc. 
Japan,  1921,  473,  1)  and  atractylol  from  Atractylis  ovata  (Gadamer  and  Amenomiya, 
Arch.  Pharm.  1903,  241,  23;  Takagi,  J.  Pharm.  Soc.  Japan,  1921,  473,  1)  to  be 
identical  also  with  this  alcohol. 

f  J.  Proc.  Roy.  Soc.  New  South  Wales,  1897,  31,  195. 

j  Baker  and  Smith,  A  Research  on  the  Eucalypts,  2nd  ed.  1920. 

§  Ber.  1913,  46,  2026;  compare  Semmler  and  Risse,  ibid.  2303. 
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d20° 0-9933,  ^  1-49204,  [ol]d  +  31°,  whilst  on  catalytic  hydro- 
genation  dihydroeudesmol  (dihydroselinenol),  C15H280,  m.p.  84r- 
85°,  was  obtained.  Semmler  and  his  collaborators  attempted  to 
determine  the  constitution  of  the  alcohol  and  also  of  the  hydro- 
carbon, eudesmene,  prepared  from  it  by  dehydration,  but  they 
were  unable  to  obtain  any  characteristic  degradation  products 
by  oxidation  either  with  ozone  or  potassium  permanganate. 

For  our  knowledge  of  the  structure  of  eudesmol  we  are 
indebted  to  the  prolonged  experiments  of  Ruzicka  and  his 
co-workers.*  By  dehydrogenation  with  sulphur  or  selenium 
eudalene  (I)  was  obtained,  which  determined  the  relative  posi- 
tions of  fourteen  of  the  fifteen  carbon  atoms  present  in  the 
alcohol.  From  analogy  with  selinene  and  for  the  reasons  given 
on  p.  489  it  was  probable,  therefore,  that  the  alcohol  had  the 
carbon  skeleton  (II)  and  it  remained  only  to  determine  the 
position  of  the  ethylenic  linkage  and  the  hydroxyl  group. 


On  treatment  with  hydrogen  chloride  either  in  acetic  acid  or 
ethereal  solution  eudesmol  yields  a  dihydrochloride,  m.p.  74-75°, 
[ol]d  +  20°,  which  is  undoubtedly  identical  with  the  selinene 
dihydrochloride  (III)  described  by  Schimmel  and  Co.,f  although 
Ruzicka,  Wind  and  Koolhaas  have  been  unable  to  prepare  from 


H2C 


CH3 

C.Cl  CH,  CH3 

^H^CH— C^-Cl 
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OH 


CH2  \] 


CH, 


CH, 


(IV) 


CH3 
(III) 


(V) 


*  Ruzicka,  Meyer  and  Mingazzini,  Helv.  Chim.  Acta,  1922,  5,  362;  Ruzicka  and 
Capato,  Annalen,  1927,  453,  62;  Ruzicka,  Wind  and  Koolhaas,  Helv.  Chim.  Acta, 
1931, 14,  1132. 

f  SchimmeVs  Report,  1910,  p.  97. 
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the  hydrocarbon  a  dihydrochloride  having  this  melting-point.  It 
follows  therefore  that  the  hydroxyl  group  must  be  in  one  or  the 
other  of  the  positions  shown  in  the  skeleton  formulae  (IV) 
and  (V). 

Proof  of  the  position  of  the  hydroxyl  group,  and  also  of  the 
ethylenic  linkage,  was  furnished  by  the  oxidation  of  eudesmol 
with  ozone,  when  a  ketonic  alcohol,  C14H2402,  m.p.  119-120°,  was 
obtained,  which  gave  on  dehydration  with  formic  acid  an  un- 
saturated ketone,  C14H220.  This  ketone,  which  boiled  over  a 
somewhat  wide  range,  130- 150°/ 12  mm.,  was  probably  a  mixture 
of  isomerides,  since  it  gave  two  semicarbazones,  m.p.  215°  and 
235°,  respectively.  The  formation  of  a  ketonic  alcohol  with  the 
loss  of  only  one  carbon  atom  showed  that  in  eudesmol  the  ethylenic 
linkage  must  be  exocyclic,  with  either  of  the  structures  (VI), 
(VII)  or  (VIII),  when  the  ketonic  alcohol  would  be  represented 
by  (IX),  (X)  or  (XI).  For  the  unsaturated  ketone  eight  formulae 
are  possible,  but  it  must  be  either  (XII)  or  (XIII)  (in  all  pro- 
bability a  mixture  of  the  two),  since  on  reduction  with  sodium 
in  ethyl  alcoholic  solution  it  yields  an  unsaturated  alcohol, 
C10H24O,  b.p.  145-146°/ 12  mm.  This  alcohol,  probably  a  mixture 
of  (XIV)  and  (XV),  gives  on  dehydrogenation  with  sulphur 
fi-isopropylnaphthalene  (XVI),  b.p.  125°/12  mm.,  picrate,  m.p. 
91°,  which  was  identified  by  comparison  with  a  synthetic 
specimen. 

These  experiments  leave  little  doubt  that  eudesmol  is 
correctly  represented  by  (VI),  but  additional  proof  was  obtained 
by  two  other  methods.  As  mentioned  on  p.  512,  it  had  been 
observed  by  Semmler  and  Risse*  that  when  selinene  dihydro- 
chloride was  treated  with  milk  of  lime  a  liquid  sesquiterpene 
alcohol,  selinenol,  C15H260,  was  formed,  which  on  catalytic 
hydrogenation  gave  a  saturated  alcohol,  dihydroselinenol, 
C15H280,  m.p.  86-87°.  Ruzicka,  Wind  and  Koolhaas  on  re- 
peating these  experiments,  but  using  the  selinene  dihydro- 
chloride, m.p.  52°,  obtained  a  crystalline  sesquiterpene  alcohol, 
m.p.  78-79°,  [<x.]D  +  38°,  which  did  not  depress  the  melting-point 
of  pure  eudesmol,  m.p.  82-83°,  [ol]d  +  31°.  The  identity  of  the 
two  alcohols  was  confirmed  by  a  comparison  of  dihydroeudesmol, 
m.p.  84-85°,  [a]  +  17°,  prepared  by  the  catalytic  hydrogenation 

*  Ber.  1912,  45,  3305. 
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of  eudesmol  and  dihydroselinenol,  m.p.  85-86°,  [a]^  +  17°, 
obtained  from  selinenol.  The  same  investigators  found  also  that 
when  dihydroeudesmol  (XVII)  was  converted  into  the  corre- 
sponding hydrochloride  (XVIII)  and  this  treated  with  either 
aniline  or  alcoholic  potassium  hydroxide,  dihydroeudesmene 
(dihydroselinene)  (XIX),  b.p.  132-133°/10  mm.,  c^f  0-9080, 
n#  1-4972,  was  obtained.  Oxidation  of  this  hydrocarbon  with 
ozone  gave  5 :  d-dimethyl-3-acetyldecalin  (XX),  b.p.  145- 
147°/12  mm.,  d2J°  0-9634,  n2J  1-4904,  semicarbazone,  m.p.  206°. 
By  the  action  of  magnesium  methyl  iodide  on  this  ketone 
dihydroeudesmol  was  obtained,  and  in  this  manner  a  partial 
synthesis  of  the  alcohol  has  been  achieved. 
CH3  CH3 
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H2C      CH  CH— C— OH 
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As  has  been  so  frequently  observed  in  terpene  chemistry, 
even  with  crystalline  substances,  eudesmol,  although  apparently 
homogeneous,  has  been  found  to  be  a  mixture.  When  eudesmol 
was  oxidised  with  ozone  in  addition  to  the  ketonic  alcohol 
referred  to  above,  a  hydroxy  ketonic  aldehyde,  C15H2603,  the 
semicarbazone  of  which  melted  at  about  145°,  was  isolated  ;  this 
aldehyde  on  oxidation  with  potassium  permanganate  gave 
an  acid,  C15H2604,  the  ethyl  ester  of  which  boiled  at  160- 
175°/0- 15  mm.  The  formation  of  these  degradation  products  can 
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only  be  explained  if  eudesmol  is  a  mixture  of  j6-eudesmol  (VI) 
(p.  578)  and  ^-eudesmol  (XXI),  when  the  hydroxy  ketonic 
aldehyde  would  be  (XXII)  and  the  acid  (XXIII). 
CH3  CH3  CH3 

i     CH2  CH3  CO  CH2  CH3  CO  CK,  CH3 

HC^'NCHStJH— C^OH      OHC   ^^CH^CH— C^OH       H02C    ^Ch'cH— C^OH 

H2C      C     CH2    \h3       H2C      C     CH2    \h3        ILjC      C     CH2  \h3 

JXCH2 


CH2  03        CH2|  CH2  KMn04  CIL, 

CH3  CH3  i 

(XXI)  (XXII)  (XXIII) 

The  relative  proportions  of  a-  and  /3-eudesmol  present  in  the 
natural  "eudesmol"  would  appear  to  show  considerable  varia- 
tions without  appreciably  affecting  either  the  melting-point  or 
the  optical  rotatory  power.  According  to  Ruzicka,  Wind  and 
Koolhaas  eudesmol  prepared  from  selinene  is  mainly  the 
a-alcohol,  whilst  "machilol"  consists  essentially  of  the  /3-alcohol. 
The  configuration  of  eudesmol,  whether  it  is  a  derivative  of 
cis-  or  ^raws-decalin,  has  not  been  determined. 

Eudesmol,  which  can  be  readily  identified  by  its  melting-point, 
may  be  characterised  by  the  preparation  of  the  dihydrochloride 
or  dihydrobromide,  whilst  according  to  Smith  it  gives,  when 
brominated  in  acetic  acid  solution,  a  dibromide,  m.p.  55-56°. 

Although  eudesmol,  as  mentioned  above,  gives  on  catalytic 
hydrogenation  in  ethereal  solution,  dihydroeudesmol,  if  the 
reduction  is  carried  out  in  acetic  acid  solution,  replacement  of 
the  hydroxyl  group  by  hydrogen  occurs  also  with  the  forma- 
tion of  tetrahydroeudesmene  (tetrahydroselinene)*  C15H28,  b.p. 
117°/5-5  mm.,  d20°  0-8896,  nD  1-48425,  [<x]D  +  11-48°. 

From  Eucalyptus  globulus,  in  addition  to  eudesmol,  a  second 
liquid  sesquiterpene  alcohol,  globulol,  b.p.  283°/755  mm.? 
[oi]D  —  35-29°,  has  been  separated.!  This  alcohol,  as  well  as  the 
sesquiterpene  constituents  of  the  oil,  unlike  eudesmol,  are 
derivatives  of  cadalene.J  It  is  of  interest  that  sesquiterpene 
derivatives  of  both  the  naphthalene  types  should  occur  in  the 
same  oil. 

*  Semmler  and  Risse,  Ber.  1913,  46,  2304. 

f  SchimmeVs  Report,  1904,  1,  46;  Semmler  and  Tobias,  Bcr.  1913,  46,  2030. 
%  Ruzicka,  Pontalti  and  Balas,  Hclv.  Chim.Acia,  1923,  6,  861. 
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THE  SANTALOLS 

The  principal  constituent  of  East  Indian  sandalwood  oil  is  a 
mixture  of  alcohols  which,  in  view  of  their  use  in  pharmacy, 
have  been  very  thoroughly  investigated.  Chapoteaut*  was  the 
first  to  examine  the  oil,  and  he  isolated  from  the  fraction,  b.p. 
300-310°,  two  substances,  which  he  considered  to  have  the 
composition  C15H240  and  C15H260.  He  suggested  that  the 
former,  which  was  present  in  larger  amount,  was  an  aldehyde 
and  the  latter  an  alcohol.  Parry,  f  who  determined  the  acetyl 
value  of  the  oil,  concluded  that  83-90  per  cent,  of  alcohols  were 
present,  whilst  Chapman  and  Burgess, %  who  oxidised  the  oil  and 
obtained  an  acid,  m.p.  76°,  which  they  designated  santalenic 
acid,  inclined  to  the  view  of  Chapoteaut,  that  the  principal  con- 
stituent was  an  aldehyde.  The  experiments  of  Duliere§  and 
Schimmel  and  Co.  ||  showed,  however,  that  this  was  incorrect, 
the  oil  consisting  mainly  of  an  alcohol  or  mixture  of  alcohols, 
C15H240,  which  reacted  with  phthalic  anhydride  in  benzene 
solution  to  yield  a  hydrogen  phthalate.  The  " santalol",  obtained 
by  the  hydrolysis  of  the  hydrogen  phthalate,  could  be  separated 
by  distillation  into  fractions  having  different  rotatory  powers, 
but  the  two  alcohols  present  could  not  be  obtained  pure. 

We  owe  our  knowledge  of  the  chemistry  of  the  santalols 
mainly  to  the  investigations  of  Semmler  and  his  collaborators. 
(For  references  to  the  literature  see  p.  544.)  They  did  not 
succeed  in  separating  the  two  alcohols  completely  by  fractional 
distillation,  but  they  have  been  obtained  pure  by  Paolini  and 
DiviziaH  by  the  crystallisation  of  the  strychnine  salts  of  the 
hydrogen  phthalates.  a- Santalol,  the  strychnine  salt  of  the 
hydrogen  phthalate  of  which  melts  at  155°,  [a]D  +  1-40°,  boils  at 
159°/10  mm.,  d15°  0-979,  nD  1-499,  aD  +  1-10°,  whilst  fi-santalol, 
the  strychnine  salt  of  the  hydrogen  phthalate,  m.p.  134-135°, 
[a]D  -  30-43°,  boils  at  168-169°/10  mm.,  d15° 0-9729,  n™°  1-5092, 
aD  -  42-0°. 

*  Bull.  Soc.  chim.  1882  [ii],  37,  303. 

f  Pharm.  J.  1895,  55,  118. 

J  Proc.  C.S.  1896,  12,  140. 

§  J.  Pharm.  Chim.  1898  [vi],  7,  553. 

||  SchimmeVs  Report,  1899,  I,  43. 

If  Atti.  R.  Accad.  Lincei,  1914  [v],  23,  n,  226. 
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Since  both  alcohols  react  with  phthalic  anhydride  in  benzene 
solution,  they  are  both  of  them  primary  alcohols.  a-Santalol  has 
been  shown  to  be  represented  by  formula  (I),  since,  on  ozonolysis, 
it  yields  tricycloekasantalal,  C12H180  (II),  the  proof  of  the  con- 
stitution of  which  has  been  given  on  p.  547.  Some  tricyclo- 
ekasantalic  acid*  (III)  is  formed  at  the  same  time.  If  potassium 
permanganate  is  used  as  the  oxidising  agent,  then  in  addition  to 
this  acid,  a  glycol,  dihydroxydihydro-a-santalol  (IV),  b.p.  215- 
220°/ 10  mm.,  is  obtained. 
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a-Santalol  is  probably  best  identified  by  the  preparation  of 
the  strychnine  salt  of  the  hydrogen  phthalate  referred  to  above, 
although  Penfoldf  has  described  an  allophanate,  m.p.  162-163°, 
which  is  a  derivative  of  either  a-  or  j8-santalol.  Since  it  was 
prepared  from  a  mixture  of  the  two  alcohols,  it  may  itself  be  a 
mixture. 

On  catalytic  hydrogenation  in  the  presence  of  platinum  black 
Semmler  and  RisseJ  obtained  a  hydrocarbon,  tetrahydro-a- 

*  The  acid,  santalenic  acid,  m.p.  76°,  prepared  by  Chapman  (J.C.S.  1901,  79,  134) 
by  the  oxidation  of  sandalwood  oil,  was  probably  triq/cZoekasantalic  acid.  He  con- 
sidered it  had  the  composition  C13H20O2 . 

f  J.  Proc.  Boy.  Soc.  New  South  Wales,  1928,  62,  69. 

$  Ber.  1913,  46,  2306. 
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santalane,  C15H28,  b.p.  115-116°/9  mm.,  d20°  0-8655,  nD  1-46908, 
[a]D  +  5-36°,  replacement  of  the  hydroxyl  group  with  hydrogen 
having  occurred,  together  with  reduction  of  the  ethylenic 
linkage  and  fission  of  one  of  the  rings.  If  the  alcohol  is  reduced 
with  hydriodic  acid  and  red  phosphorus  a  hydrocarbon,  C15H26, 
b.p.  125-130°/12mm.,  d20°  0-8999,  7^  1-48712,  is  obtained, 
which  is  probably  not  homogeneous. 

a-Santalol  is  oxidised  by  chromic  acid  to  santalaldehyde 
(santalal),  C15H220,  b.p.  152-155°/10  mm.,  d20°  0-995,  nD  1-51066, 
aD  +  13°,  semicarbazone,  m.p.  230°,  which  must  be  represented 
by  (V).*  The  oxime  (VI),  m.p.  104-105°,  gives  on  digestion  with 
acetic  anhydride  and  sodium  acetate,  the  nitrite  (VII),  b.p.  162- 
166°/9  mm.,  which  can  be  hydrolysed  to  the  acid,  santalic  acid 
(VIII),  C15H2202,  b.p.  192-195°/9  mm. 
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With  phosphorus  pentachloride,  a-santalol  gives  a  chloride, 
santalyl  chloride,  C15H23C1,  b.p.  147-155°/10  mm.,  but,  since  this 
reaction  was  carried  out  with  a  mixture  of  the  two  santalols,* 
the  product  was  not  homogeneous.  It  was  reduced  with  sodium 
and  alcohol  to  the  hydrocarbon,  y-santalene,  C15H24,  b.p.  118- 
120°/9  mm.    By  the  dehydration  of  impure  a-santalol  with 


*  Semmler  and  Bode,  Ber.  1907,  40,  1126. 
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phosphorus  pentoxide  Guerbet*  obtained  a  hydrocarbon,  a-iso- 
santalene,  C15H22,  b.p.  255-256°,  aD  +  0-2°. 

Since  a-santalol  is  a  primary  alcohol,  it  combines  readily  with 
acids,  and  a  large  number  of  santalyl  esters  have  been  prepared, 
some  of  which  have  been  employed  medicinally.  They  are  almost 
without  exception  mixtures  of  the  esters  of  a-  and  /3-santalols. 

Although  the  constitution  of  et-santalol  may  be  regarded  as 
well  established,  the  same  is  not  true  of  j8-santalol  and  no  well- 
defined  degradation  products  of  the  alcohol  have  been  prepared. 
It  is,  like  a-santalol,  a  primary  alcohol  having  the  composition 
C15H240,  and,  if  it  be  assumed  that  it  has  the  same  structure  as 
j8-santalene  (p.  550),  it  is  possibly  represented  by  (IX);  the 
nature  of  the  dicyclic  structure  and  the  positions  of  the  ethylenic 
linkages  have  not,  however,  been  determined. 
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On  catalytic  hydrogenation  in  the  presence  of  platinum  black, 
it  gives  a  mixture  of  a  hydrocarbon,  tetrahydro-^-santalane, 
C15H28,  b.p.  109°/10mm.,  d20°  0-8550,  nD  1-46612,  [a]D+  2-48°, 
which  is  not  identical  with  the  isomeric  hydrocarbon  prepared 
from  a-santalol  (p.  583),  and  a  saturated  alcohol,  tetrahydro-fi- 
santalol,  C15H280,  b.p.  155-160°/10  mm.,  d20°  0-9380,  nD  1-48471, 
[a]D  +  4-24°.  The  fact  that  a-  and  jS-santalols  do  not  yield  the 
same  tetrahydro-derivative  cannot  be  regarded  as  an  argument 
against  their  close  structural  relationship,  since  the  tricyclic  ring 
structure  in  a-santalol  can  undergo  fission  in  various  directions 
as  illustrated  by  the  formulae  (X),  (XI)  and  (XII). 

In  addition  to  the  two  sesquiterpene  alcohols,  a-  and  /?- 
santalols,  Schimmel  and  Co.f  have  shown  the  alcohol,  teresan- 
talol,   C10H16O   (XIII),   m.p.    112-114°,   b.p.   95-98°/9  mm., 

*  Compt.  rend.  1900,  130,  1327. 

f  SchimmeVs  Report,  1910,  Oct.  p.  121. 
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[a]D  +  11-58°,  to  be  present  in  sandalwood  oil.  The  preparation 
of  this  alcohol  from  methyl  teresantalate  has  been  referred  to 
on  p.  546. 
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D.  ALCOHOLS  OF  UNKNOWN 
CONSTITUTION 

BETULOL 

The  dicyclic  sesquiterpene  alcohol,  betulol,  C15H240,  was  found 
by  v.  Soden  and  Elze*  to  occur  in  the  oil  distilled  from  the  leaf 
buds  of  Betula  alba  L.,  both  in  the  free  state  and  as  its  acetate. 
The  properties  of  this  alcohol  have  been  investigated  by  Semmler, 
Jonas  and  Richter,t  who  have  shown  it  to  be  a  primary  alcohol 
containing  two  ethylenic  linkages,  which  can  be  purified  through 
its  resinous  hydrogen  phthalate.  Betulol  is  a  somewhat  viscid 
oil,  b.p.  157-158°/13  mm.,  d16°  0-9777,  5150,  [a]D  -  26-30°. 
It  yields  on  hydrogenation  tetrahydrobetulol,  C15H280,  b.p.  153- 
158°/14mm.,  dls° 0-9415,       1-4908,  [a]^°  -  6-48°. 

When  betulol  is  treated  with  phosphorus  pentachloride  in 
light  petroleum  solution  or  with  hydrogen  chloride  in  ethereal 


*  Ber.  1905,  38,  1636. 


f  Ibid.  1918,  51,  420. 
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solution,  betulyl  chloride,  C15H23C1,  b.p.  160-170°/11  mm., 
d21°  1-0145,  n2B  1-5208,  [afp  +  9-24°,  is  obtained.  This  chloride 
appears  from  its  reactions  to  be  a  mixture  of  a  dicyclic  and  a 
tricyclic  chloride.  It  is  converted  by  the  action  of  milk  of  lime 
into  a  mixture  of  a  hydrocarbon  and  an  alcohol. 

The  former,  dehydrobetulene,  C15H22,  b.p.  112-114°/9  mm., 
d23° 0-9186,  n2D  1-5052,  [a]D  -  68°,  is  apparently  a  mixture  of  a 
dicyclic  hydrocarbon  with  three  ethylenic  linkages  and  a  tri- 
cyclic hydrocarbon  with  two,  the  molecular  refraction  indicating 
that  the  former  was  probably  present  in  the  larger  amount.  The 
alcohol,  tricjclobetulol,  C15H240,  m.p.  146-147°,  b.p.  160- 
166°/13  mm.,  dir  1-0022,  n£°  1-5160,  [a]D  +  14°,  is  undoubtedly 
tricyclic  and  its  molecular  refraction  indicates  the  presence  of 
only  one  ethylenic  linkage. 

A  mixture  of  di-  and  tri-cyclic  hydrocarbons,  betulene,  C-^H^ , 
is  obtained  when  betulyl  chloride  is  reduced  with  sodium  in 
alcoholic  solution.  Betulene,  b.p.  123-127°/13  mm.,  d21°  0-9120, 
n,p  1-4952,  [a]D  +  6°,  yields  on  catalytic  hydrogenation  a 
mixture  of  a  saturated  dicyclic  terpene,  C15H28,  and  a  saturated 
tricyclic  terpene,  C15H26,  b.p.  118-123°/9  mm.,  dir  0-8958, 
n*£  1-4860,  [a]D  +  6-48,  which  cannot  be  separated. 

CEDRENOL 

The  primary  alcohol,  cedrenol,  C15H240,  was  found  by  Semmler 
and  Mayer*  to  be  present  in  the  higher  boiling  fractions  of  cedar 
wood  oil.  The  alcohol  was  separated  by  treating  the  fraction  of 
the  oil,  b.p.  152-1 7 0°/7  mm.,  with  phthalic  anhydride  in  benzene 
solution.  On  hydrolysis  of  the  hydrogen  phthalate,  a  viscid  oil 
was  obtained,  which  was  further  purified  by  conversion  into  the 
acetate.  Cedrenol  acetate  boils  at  168-169°/9  mm.,  d20°  1-0168, 
n2p  1-5021,  aD  —  2°,  and  gives,  on  hydrolysis  with  alkali, 
cedrenol,  b.p.  166-169°/9-5  mm.,  d20°  1-0083,  n™°  1-5212. 

Cedrenol  bears  the  same  relationship  to  cedrene  as  myrtenol 
does  to  a-pinene.  When  the  alcohol  is  treated  with  phosphorus 
pentachloride  in  light  petroleum  solution  the  corresponding 
chloride,  b.p.  150-165°/10  mm.,  d20°  1-001,  is  obtained,  and  this, 

*  Ber.  1912,  45,  786. 
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on  reduction,  yields  cedrene.  The  relationship  of  cedrenol  to 
cedrene  is  therefore  shown  by  the  scheme : 

C.CH,OH  C.CH.C1  C.CH, 


ET- 


CH 


CH 


CH 


COSTOL 

The  sesquiterpene  alcohol,  costol,  C15H240,  was  separated  by 
Semmler  and  Feldstein*  from  oil  of  costus,  which  is  obtained 
from  the  roots  of  Saussurea  Lappa.  It  is  a  primary  alcohol  and, 
when  purified  through  its  hydrogen  phthalate,  it  boils  at  169- 
171°/11  mm.,  d21°  0-9803,  7^  1-5200,  [a]D+13°.  It  may  be 
deduced  from  its  physical  constants  that  costol  is  a  dicyclic 
alcohol  and  contains  two  ethylenic  linkages.  On  oxidation  with 
chromic  acid  it  yields  an  aldehyde,  C15H220,  b.p.  164-165°/15  mm., 
d22° 0-9541,  nD  1-50645,  [a]D  +  24°,  semicarbazone,  m.p.  217-218°. 
This  aldehyde  is  not  dicyclic  and  its  formation  is  probably 
accompanied  by  ring  closure.  The  actual  nature  of  the  relation- 
ship between  the  alcohol  and  the  aldehyde  has  not,  however, 
been  determined. 

On  treatment  with  phosphorus  pentachloride,  costol  yields 
costyl  chloride,  C15H23C1,  b.p.  160-165°/13  mm.,  d22°  1-005, 
nD  1-5205,  [a]D  +  32°,  from  which,  by  the  action  of  sodium  in 
alcoholic  solution,  a  sesquiterpene,  isocostene,  C15H24,  b.p.  130- 
135°/12mm.,  d21°  0-9062,  nD  1-50246,  [a]D+  31°,  can  be  pre- 
pared. This  sesquiterpene,  like  the  alcohol,  is  dicyclic  and  con- 
tains two  ethylenic  linkages,  but  there  is  no  evidence  that  it  is 
homogeneous. 

From  the  higher  boiling  fractions  of  oil  of  costus,  Semmler  and 
Feldsteinf  isolated  an  acid,  costus  acid,  C15H2202,  two  lactones, 
costus  lactone,  C15H20O2,  and  dihydrocostus  lactone,  C15H2202. 
These  substances  are  all  closely  related,  since  costus  acid  can  be 
converted  into  dihydrocostus  lactone  by  digestion  with  dilute 
sulphuric  acid,  and  both  costus  lactone  and  dihydrocostus 
lactone  give  on  catalytic  hydrogenation  tetrahydrocostus  lactone, 
Ci5H2402 . 

Semmler  and  Feldstein  also  made  the  interesting  observation 

*  Ber.  1914,  47,  2687.  t  Ihid-  1914,  47,  2433. 


588 


ALCOHOLS 


PT.  II 


that,  when  the  methyl  ester  of  costus  acid  was  reduced  with 
sodium  and  alcohol,  it  gave  costol  identical  with  the  alcohol 
described  above.  It  was  identified  by  oxidation  to  the  aldehyde. 
It  is  of  considerable  biogenic  interest  that  the  oil  should  contain 
this  closely  related  series  of  substances  and  it  is  unfortunate 
that  their  constitutions  have  not  been  determined. 

CALAMENOL 

The  alcohol,  calamenol,  C15H240,  occurs  in  the  fraction  of  the  oil 
derived  from  the  rhizomes  of  A  corns  Calamus  L.,  which  boils  at 
150-160°/13  mm.,  d20°  0-96115,  nD  1-5098,  but  it  is  doubtful  if 
the  alcohol  has  been  obtained  pure  and  quite  free  from  asarone, 
which  is  a  constituent  of  the  natural  oil.  The  alcohol  was  pro- 
bably first  isolated  by  Thorns  and  Beckstrom*  and  it  has  been 
investigated  more  recently  by  Semmler  and  Spornitzf  and  by 
Ruzicka,  Meyer  and  Mingazzini.J 

Calamenol  does  not  yield  any  crystalline  derivatives  and  it  is 
somewhat  unstable,  readily  losing  water  with  the  formation  of 
the  hydrocarbon,  calamenene,  C15H22,  b.p.  136-143°/15  mm., 
dl°9l  0-9324,  nD  1-5317,  [a]D  +  6°.  This  hydrocarbon,  which  con- 
tains three  ethylenic  linkages,  can  be  hydrogenated  in  the 
presence  of  platinum  black  to  a  saturated  terpene,  C15H28, 
identical  probably  with  that  obtained  by  the  hydrogenation  of 
calamene  (p.  513).  On  dehydrogenation  with  sulphur  calamenol 
yields  cadalene. 

In  addition  to  calamenol,  the  oil  from  A.  Calamus  contains 
a  substance,  calameone,  C15H2602.  Calameone,§  m.p.  168°, 
[a]D  —  8-94°,  has  been  investigated  by  Thorns  and  Beckstrom 
and  resembles  cineole  somewhat  in  its  properties.  It  gives  with 
hydrogen  chloride  an  additive  compound,  C15H2602  ,HC1,  m.p. 
119°,  whilst,  on  warming  with  dilute  sulphuric  acid,  calamenene 
is  obtained.  On  oxidation  with  potassium  permanganate,  an 
acid,  calameonic  acid,  m.p.  153°,  is  formed,  which  has  the  com- 
position C15H2404,2H20.  It  is  readily  dehydrated  to  an  acid, 
C15H2404,  m.p.  138°,  but  it  has  not  been  determined  whether  this 
dehydration  involves  any  structural  change. 

*  Ber.  1901,  34,  1021;  1902,  35,  3187,  3195.  f  Ihid-  !913,  46,  3704. 

%  Helv.  Chim.  Acta,  1922,  5,  358. 

§  This  name  is  somewhat  unfortunate,  since  there  is  no  evidence  that  calameone 
is  a  ketone. 
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CEDROL 

The  crystalline  sesquiterpene  alcohol,  cedrol,  C15H260,  which  is 
known  also  as  cedar  camphor  and  cypress  camphor,  occurs  not 
only  in  cedar  wood  oil  from  Juniper  us  virginiana,  but  also  in 
cypress  oil  from  Cupressus  semper vir ens  L.,*  in  the  oil  from 
Juniper  us  chinensis~\  and  in  the  oil  from  Origanum  smyrnaeum  L.{ 
Cedrol  was  first  isolated  and  investigated  by  Walter.  §  He 
considered  that  it  had  the  composition  C16H260  and  he  observed 
that,  on  treatment  with  phosphorus  pentoxide,  water  was 
eliminated  with  the  formation  of  a  hydrocarbon,  cedrene,  C16H24. 
In  reviewing  Walter's  results,  Gerhardt||  suggested  that  his 
formula  was  incorrect  and  that  the  alcohol  had  the  composition 
C15H260,  and  the  hydrocarbon,  C15H24,  a  conclusion  confirmed  by 
subsequent  investigations.  In  1897  RoussetH  subjected  cedrol 
to  a  renewed  study.  He  concluded  that  it  was  a  tertiary  alcohol 
and  he  succeeded  in  preparing  an  acetate,  b.p.  157-160°/8  mm., 
although  the  yield  was  small  owing  to  the  tendency  which  cedrol 
showed  to  lose  water  and  yield  a  hydrocarbon.  The  hydrocarbon  is 
obtained  in  an  excellent  yield  if  cedrol  is  warmed  with  formic 
acid.** 

Cedrol  crystallises  from  methyl  alcohol  in  needles,  m.p.  86°, 
b.p.  292°.  Whilst  there  is  no  doubt  of  the  structural  identity  of 
the  alcohols  separated  from  the  various  oils  referred  to  above, 
they  show  a  marked  variation  in  their  optical  rotatory  power. 
In  a  number  of  cases  the  alcohol  is  optically  inactive,  but  as  a 
rule  it  is  deatfrorotatory,  the  highest  value  recorded  being 
[a]D  +  10-5°  (in  chloroform). 

Cedrol  is  undoubtedly  a  tertiary  alcohol ;  it  does  not  react  with 
phthalic  anhydride  and,  on  oxidation  with  chromic  acid,  it  does 
not  yield  either  an  aldehyde  or  a  ketone,  but  is  dehydrated.  The 
determination  of  its  constitution  is  dependent  upon  that  of  the 
hydrocarbon,  cedrene  (see  p.  530),  since,  as  has  been  shown  by 

*  SchimmeVs  Report,  1904,  n,  20. 

f  Kondo,  J.  Pharm.  Soc.  Japan,  1907,  p.  236. 

j  SchimmeVs  Report,  1906,  October,  p.  72. 

§  Annalen,  1841,  39,  247;  1843,  48,  35;  Ann.  chim.  1843  [iii],  1,  498;  1844  [iii],  8, 
854. 

||  Traite,  1856,  iv,  353. 
t  Bull.  Soc.  chim.  1897  [iii],  17,  485. 
**  SchimmeVs  Report,  1897,  n,  12. 
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Semmler  and  Spornitz,*  it  gives  this  hydrocarbon  when  de- 
hydrated with  formic  acid.  Their  relationship  is  indicated  by  the 
formulae : 

CH2  CH 


C12H2 


C.CH, 


Cedrol  can  be  identified  by  the  preparation  of  the  phenylure- 
thane,  m.p.  106-107°,  whilst  Wienhausf  has  described  a  chromate, 
(C^H^CrC^ ,  m.p.  115°,  prepared  by  the  action  of  chromic  acid 
on  the  alcohol  in  carbon  tetrachloride  solution. 

In  1912  Semmler  and  Mayer  J  made  the  interesting  observa- 
tion that  cedar  wood  oil  does  not  always  yield  a  crystalline 
cedrol,  but  that  the  sesquiterpene  alcohol  consists  sometimes  of 
an  isomeric  liquid  alcohol,  b.p.  147-152°/9  mm.,  d20°  0-9964, 
n£  1-5131,  aD  +  21-5°.  Like  cedrol  this  alcohol  is  a  tertiary 
alcohol  and,  when  it  is  heated  with  zinc  dust  at  225-235°,  it  is 
converted  into  a  saturated  hydrocarbon,  dihydrocedrene,§  C15H26 , 
b.p.  109-112°/10  mm.,  d20°  0-907,  nD  1-4882,  aD  +  37°. 

For  this  new  alcohol  Semmler  and  Mayer  suggest  the  name 
pseudocedrol,  since  it  yields  on  dehydration  cedrene  and,  as  has 
been  shown  by  Kimura,||  it  can  be  converted  into  cedrol,  either 
by  digestion  with  potassium  or  by  the  hydrolysis  of  its  xanthate. 
The  two  alcohols  are  therefore  probably  related  to  one  another 
in  the  same  manner  as  borneol  and  isobomeol.  According  to 
Belli!  pseudocedrol  is  obtained  when  cedrene  is  treated  with 
mercuric  acetate  in  acetic  acid  solution. 


CUBEBOL 

A  sesquiterpene  alcohol,  cubebol,  C15H260,  was  isolated  by 
Henderson  and  Robertson**  from  oil  of  cubebs.  Cubebol,  m.p. 
61-62°,  can  be  characterised  by  the  preparation  of  the  pJienyl- 
uretJiane,  m.p.  186°,  [a]^  +  58-9°,  the  dibromide  of  which  melts 

*  Ber.  1912,  45,  1553.  f  Ibid-  1914>  47>  329-  t  H>id.  1912,  45,  1384. 

§  This  hydrocarbon  is  not  identical  with  the  dihydrocedrene  prepared  by  the 
catalytic  hydrogenation  of  cedrene  (p.  536)  and  it  should  therefore  be  designated 
isodihydrocedrene.  The  relationship  of  the  two  hydrocarbons  has  not  been  determined. 

||  Ber.  Beat,  pharm.  Ges.  1910,  20,  293. 

<I  J.C.S.  1930,  p.  1908.  **  Ibid.  1926,  p.  2811. 
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at  76-80°,  and  the  a-naphthylur  ethane,  m.p.  197-198-5°.  It  does 
not  give  cadinene  dihydrochloride  when  treated  with  hydrogen 
chloride,  and  nothing  is  known  regarding  its  constitution. 

Cubebol  does  not  appear  to  be  identical  with  the  so-called 
cubeb-camphor,  m.p.  68-7-70°,  which  was  isolated  by  Blanchet 
and  Sell*  from  oil  of  cubebs.  According  to  Schmidt,t  this  alcohol 
is  not  present  in  fresh  oil  of  cubebs  and  it  is  possibly,  therefore, 
an  auto-oxidation  product.  It  appears  to  lose  water  very  readily, 
but  it  has  not  been  investigated  in  recent  years. 

THE  FUSANOLS 

In  1922  Sudborough  and  Rao  J  described  the  isolation  from  the 
oil  derived  from  the  wood  of  Eucarya  spiacata  Sprague  and 
Summerhayes  of  two  alcohols,  C^H^O,  a-  and  ^-fusanols.  These 
alcohols,  which  were  isolated  through  their  hydrogen  phthalates, 
were  separated  by  fractional  distillation  when  a-fusanol  had 
b.p.  146-149°/5  mm.,  dl5°  0-9775,  n£  1-5060,  [af^°+  5-7°,  and 
jS-fusanol  b.p.  153-155°/5  mm.,  d^O-9753,  %f  1-5100,  [a]D+  2-6°. 
Although  the  difference  in  the  rotatory  powers  of  the  two 
fractions  indicates  that  the  alcohol  was  not  homogeneous,  a 
perusal  of  their  memoir  shows  that  the  quantity  of  material 
subjected  to  fractionation  was  insufficient  for  a  complete  separa- 
tion to  have  been  effected.  Sudborough  and  Rao  suggest  that 
the  fusanols  were  secondary  alcohols,  but,  since  they  react  with 
phthalic  anhydride  in  benzene  solution,  this  is  improbable. 

Penfold  has  reinvestigated  this  so-called  West  Australian 
sandalwood  oil  and  he  has  shown  that  it  is  doubtful  if  the  two 
alcohols  described  by  Sudborough  and  Rao  actually  exist.  The 
alcohol  fraction  of  the  oil  is  a  mixture  of  primary  and  secondary 
alcohols,  which  were  separated  by  treatment  with  phthalic 
anhydride  in  benzene  solution.  The  primary  alcohol  fraction 
contains  a  mixture  of  the  santalols,  identified  by  the  preparation 
of  the  allophanate,  m.p.  162-163°,  together  with  a  second  alcohol, 
b.p.  160-161°/4-5  mm.,  d20°  0-942,  n£  1-5030,  aD  +  5°.  This 
alcohol  has  a  lower  density  than  the  fusanols  and  it  seems  not 

*  Annahn,  1833,  6,  294;  compare  Winkler,  ibid.  8,  203. 
f  Arch.  Pharm.  1870,  191,  23;  Ber.  1877,  10,  188. 
t  J.  Ind.  Inst.  Sci.  1922,  5,  163. 
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improbable  that  they  were  a  mixture  of  this  alcohol  and  the 
santalols.  The  secondary  alcohol  was  purified  by  conversion  into 
its  hydrogen  phthalate  at  140°,  it  boiled  at  1 46-1 50°/ 1  mm., 
d\%  0-995,  1-5100,  aD  +  27-2°.  It  gave  no  crystalline  de- 
rivatives. 

GUAIOL 

From  Guaiacum  wood  oil,  which  is  obtained  from  the  wood  of 
the  tree  Bulnesia  Sarmienti  Lorenz,  Schimmel  and  Co.*  separated 
a  crystalline  sesquiterpene  alcohol,  guaiol,  C15H260,  which  was 
obtained  later  by  Baker  and  Smithf  from  the  oil  of  Callitris 
glauca.  It  is  possible  also  that  the  sesquiterpene  alcohol  isolated 
by  EykenJ  from  Gony stylus  Miquelianus  is  identical  with  guaiol, 
but  this  requires  confirmation. 

Guaiol  crystallises  in  prisms,  m.p.  93°,  b.p.  147-148°/9  mm., 
4o?°  0-9074,  1-4716,  [a]D- 29-8°  (in  alcohol).  The  constitu- 
tion of  guaiol  has  not  been  determined,  but  it  appears  to  be  a 
dicyclic  tertiary  alcohol,  the  physical  constants  being  in  accord 
with  this  assumption.  §  The  tertiary  character  of  the  hydroxyl 
group  is  shown  (i)  by  the  difficulty  with  which  it  can  be  acetyl- 
ated,||  (ii)  by  the  fact  that  it  does  not  react  with  phthalic 
anhydride  at  130°,H  (iii)  by  its  reduction  with  zinc  dust  at  220° 
to  a  hydrocarbon  dihydroguaiene,  C15H26,  b.p.  122°/11  mm., 
d2f  0-8914,  n™°  1-49817,  [af£5°  -  26-65°,**  and  (iv)  by  the  great 
facility  with  which  it  can  be  dehydrated  to  yield  an  unsaturated 
hydrocarbon  (or  mixture  of  hydrocarbons),  C15H24. 

No  evidence  is  at  present  available  as  to  the  nature  of  the 
ring  structure  present  in  guaiol,  although  the  products  of  its 
oxidation  with  ozone  and  with  potassium  permanganate  have 
been  investigated  by  Semmler  and  Mayer  and  by  Ruzicka 
and  Haagen-Smit.JJ  By  oxidation  with  ozone,  Ruzicka  and 

*  SchimmeVs  Report,  1892,  n,  42. 

f  Pines  of  Australia,  1910,  pp.  63,  118. 

%  Bee.  trav.  chim.  1906,  25,  44. 

§  Wienhaus  (Ber.  1914,  47,  330)  has  suggested  that  guaiol  may  be  a  secondary- 
alcohol,  since  it  is  readily  oxidised  by  chromic  acid,  but  this  is  improbable. 
||  GTandurin,  Ber.  1908,  41,  4359. 

H  Ruzicka,  Pontalti  and  Balas,  Helv.  Chim.  Acta,  1923,  6,  862. 
**  Gandurin,  Ber.  1908,  41,  4361. 
ft  Ber.  1912,  45,  1391. 
J}  Helv.  Chim.  Acta,  1931,  14,  1122. 
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Haagen-Smit  obtained  a  dihydroxy-oxide,  C15H2603,  m.p.  218°, 
[°Gd+  7-16° ,  which  very  readily  lost  two  molecules  of  water 
with  the  formation  of  an  unsaturated  oxide,  C15H220,  b.p. 
140-141°/15  mm.,  d\T  1-008,  nj°  1-5295.  The  latter  can  be 
hydrogenated  catalytically  to  yield  a  saturated  oxide,  C15H260, 
b.p.  128-139°/12  mm.,  d\f  0-9627,  1-4899.  Evidence  was 
obtained  also  of  the  presence  in  the  products  of  ozonolysis  of 
a  ketonic  lactone,  C15H2403,  but  this  was  not  obtained  pure. 
The  dihydroxy-oxide,  m.p.  218°,  referred  to  above  is  obtained 
also  when  guaiol  is  oxidised  with  potassium  permanganate  and 
was  originally  isolated  by  Semmler  and  Mayer  who  however 
incorrectly  assigned  to  it  the  formula,  C15H2803,  and  regarded 
it  as  a  glycerol. 

Guaiol  is  readily  hydrogenated  in  the  presence  of  platinum 
black  in  acetic  acid  solution,  when  not  only  is  the  ethylenic 
group  reduced,  but  the  hydroxyl  group  is  also  replaced  by 
hydrogen  with  the  formation  of  tetrahydroguaiene,  b.p.  118- 
119°/7  mm.,  d20°  0-8806,  nD  1-47840,  [a]D  +  10-31°.*  If  however 
the  reduction  is  carried  out  in  cyclohexune  solution  with  a 
platinum  oxide  catalyst  dihydroguaiol,  m.p.  79-80°,  is  obtained. f 

It  was  mentioned  above  that  guaiol  could  be  readily  de- 
hydrated to  yield  a  hydrocarbon  or  a  mixture  of  hydrocarbons. 
Guaiene  was  first  prepared  by  Wallach,J  who  used  zinc  chloride 
as  the  dehydrating  agent,  and  later  by  Gadamer  and  Ameno- 
miya,§  who  used  potassium  hydrogen  sulphate.  The  hydro- 
carbon can,  however,  probably  be  obtained  more  readily,  either 
from  the  xanthate,||  or  by  digestion  of  the  alcohol  for  a  short 
time  with  formic  acid.^f  When  prepared  by  the  last  method 
guaiene  is  a  colourless  oil,  b.p.  128-130°/12  mm.,  d\T  0-9115, 

20°  • 

nD  1-5022,  aD  —  16-8°.  Although  guaiene  must  contain  two 
ethylenic  linkages,  one  of  these  can  only  be  reduced  with  con- 
siderable difficulty,  since,  on  catalytic  hydrogenation,  dihydro- 
guaiene,  b.p.  124-125°/15  mm.,  d2J°  0-8955,  n™°  1-4894,  is  ob- 

*  Semmler  and  Risse,  Ber.  1913,  46,  2305. 

f  Ruzicka  and  Haagen-Smit,  Helv.  Chim.  Acta,  1931,  14,  1131. 
t  Annalen,  1894,  279,  395. 
§  Arch.  Pharm.  1903,  241,  22. 
||  Gandurin,  Ber.  1908,  41,  4359. 

U  Ruzicka,  Pontalti  and  Balas,  Helv.  Chim.  Acta,  1923,  6,  862. 
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tained.*  On  dehydrogenation  with  sulphur  guaiene  yields  a 
deep  blue  hydrocarbon,  guaiazulene,  C15H18,  b.p.  164°/11  mm., 
d£  0-9759,  which  can  be  characterised  by  the  preparation  of  a 
picrate,  m.p.  122°,  and  a  styphnate,  m.p.  105-106°.  The  constitu- 
tion of  guaiazulene,  which  is  closely  related  to  the  blue  hydro- 
carbon, azulene,  so  frequently  found  in  the  higher  boiling 
fractions  of  essential  oils,f  has  not  been  determined.  It  yields 
on  catalytic  hydrogenation  octahydroguaiazulene,  C15H26,  b.p. 
123-125°/11  mm.,  d2f 0-8872,  n™°  1-4834. 

LEDOL  {LEDUM  CAMPHOR) 

Marsh  tea  oil,  which  is  obtained  from  the  leaves  and  flowering 
tops  of  Ledum  palustre  L.,  contains  a  crystalline  sesquiterpene 
alcohol,  C15H260,  which  is  generally  known  as  Ledum  camphor. 
Since,  however,  it  is  not  a  ketone,  but  a  tertiary  alcohol,  this 
name  is  confusing  and  should  be  replaced  by  ledol.  Ledol  was 
first  isolated  by  TroppJ  and  more  thoroughly  investigated  by 
Hjelt  and  Collan§  and  by  Rizza.|| 

Ledol  crystallises  in  colourless  needles,  m.p.  104-105°,  b.p. 
290°/760mm.,  d\™° 0-9094,  n^°°  1-4667,  [aJ^+  7-980.  It  sub- 
limes very  readily  below  its  melting-point.  A  consideration  of 
its  molecular  refraction  (67-35)  has  led  Semmler  and  Mayer U  to 
suggest  that  it  is  dicyclic  and  contains  one  ethylenic  linkage ;  its 
constitution  has  not,  however,  been  determined.  Wienhaus**  has 
prepared  a  crystalline  chromate,  (C15H25)2Cr04 ,  m.p.  92°, 
[a]  +  30-0°. 

Ledol  is  somewhat  unstable  and  readily  loses  water  with  the 
formation  of  a  sesquiterpene,  ledene,  C15H24,  b.p.  264°/752  mm., 
d19°  0-9237.  This  hydrocarbon  can  be  prepared  either  by 
digestion  of  the  alcohol  with  acetic  anhydride  or  by  the  action 
of  sulphuric  acid. ft  Ledol  does  not  react  with  the  halogens, 

*  Ruzicka  and  Rudolph,  Helv.  Chim.  Acta,  1925,  9,  140. 

f  Inter  al.  Sherndal,  J.  Amer.  C.S.  1915,  37,  167,  1537;  Kremers,  ibid.  1923,  45, 
717;  Herzenberg  and  Ruhemann,  Ber.  1925,  58,  2249. 

%  Ber.  1875,  8,  542;  compare  Ivanov,  Jahresbericht,  1876,  909. 
§  Ber.  1882,  15,  2500. 

II  J.  Buss.  Phys.  Chem.  Soc.  1883,  15,  362;  1887,  19,  324;  Ber.  1883,  16,  2311. 
If  Ber.  1912,  45,  1391.  **  Ibid.  1914,  47,  330. 

ff  Hjelt,  Ber.  1895,  28,  3088. 
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whilst  by  the  action  of  hydrogen  chloride  ledene  is  obtained. 
Hjelt  has  prepared  ledyl  chloride,  C^H^Cl,  by  treatment  of  the 
alcohol  with  phosphorus  pentachloride  and  this,  when  warmed 
with  quinoline,  yields  ledene.  Since  ledol  is  very  resistant  to  the 
action  of  potassium  permanganate  and  forms  a  crystalline 
chromate,  the  hydroxyl  group  is  probably  tertiary. 

PATCHOULI  ALCOHOL  {PATCHOULI  CAMPHOR) 

In  1869  Gal*  observed  that  patchouli  oil,  which  is  obtained  from 
the  leaves  of  Pogostemon  Patchouli  var.  suavis,  deposited  a 
crystalline  substance,  m.p.  54-55°,  which  he  considered  to  have 
the  composition  C15H280,  and  to  which  he  gave  the  name 
Patchouli  camphor.  The  later  investigations  of  Montgolfierf 
showed,  however,  that  it  had  the  composition  C15H260. 

Patchouli  alcohol,  m.p.  56°,  b.p.  140°/8  mm.,  d62il  0-9924, 

65° 

nD  1-5029,  [a]D  —  97-42°,  is  probably  a  tricyclic  tertiary  alcohol| 
and  it  yields  a  crystalline  chromatc.%  Although  the  alcohol  has 
been  the  subject  of  a  considerable  number  of  investigations, || 
its  constitution  is  quite  unknown.  Like  other  sesquiterpene 
alcohols,  it  loses  water  very  readily,  either  on  distillation  at  the 
ordinary  pressure  or  on  treatment  with  dehydrating  agents, 
with  the  formation  of  the  sesquiterpene,  patchoulene,  b.p. 
252-253°/743  mm.,  112-115°/12  mm.,  d2f  0-9296,  1-49835, 
MiT  —  38-08°.  No  crystalline  derivative  of  the  hydrocarbon 
has  been  prepared. 

SESQ  UICAMPHENOL 

In  1913  Semmler  and  Rosenberg Ti  described  the  isolation  from 
the  high  boiling  fraction  of  camphor  oil  of  a  sesquiterpene 
alcohol,  C^HagO,  b.p.  159-162°/7  mm.,  d  0-95413,  to  which  they 
gave  the  name  sesquicamphenol.  They  furnished  no  evidence  that 
it  was  homogeneous,  but  they  prepared  from  it  by  dehydration 

*  Compt.  rend.  1869,  68,  406;  Annalen,  1869,  150,  374. 

f  Compt.  rend.  1877,  84,  88;  Bull.  Soc.  chim.  1877  [ii],  28,  414;  Ber.  1877, 10,  234. 
%  Semmler  and  Mayer,  Ber.  1912,  45,  1391. 
§  Wienhaus,  Ber.  1914,  47,  330. 

||  Wallach,  Annalen,  1892,  271,  299;  1894,  279,  394;  Gadamer  and  Amenomiya, 
Arch.  Pharm.  1903,  241,  22. 
H  Ber.  1913,  46,  770. 
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with  potassium  hydrogen  sulphate  a  hydrocarbon,  C15H24,  b.p. 
125-130°/7  mm.,  d20°  0-9138,  nD  1-50895,  [a]D  +  50°.  A  more 
thorough  investigation  of  the  alcohol  by  Ruzicka  and  Stoll*  has 
shown  it  to  be  a  mixture  consisting  of  a  primary,  two  secondary 
and  two  tertiary  alcohols. 

The  primary  alcohol,  which  was  separated  from  the  secondary 
and  tertiary  alcohols  by  treatment  with  phthalic  anhydride  in 
benzene  solution  in  the  usual  manner,  was  a  colourless  viscid  oil, 
b.p.  158-159°/12  mm.,  d1/  0-9516,  n]£  1-5020.  It  gave  on 
catalytic  hydrogenation  a  saturated  alcohol,  C^H^O,  b.p.  152- 
153712  mm.,  d2J°  0-9150,  n£  1-4755,  remarkable  for  its  low 
density  and  refractive  index.  The  alcohol  is  probably  tricyclic 
and  it  does  not  yield  a  naphthalene  hydrocarbon  on  dehydro- 
genation  with  sulphur. 

The  mixture  of  secondary  alcohols,  isolated  by  the  action  of 
phthalic  anhydride  at  130°,  boiled  at  154-1557l2mm.,  ^fo-9608, 
rip  1-5054,  and  consisted  apparently  of  a  mixture  of  two  alcohols 
having  the  composition  C15H260  and  C^H^O  respectively.  By 
catalytic  hydrogenation  in  the  presence  of  platinum  a  saturated 
alcohol,  C15H280,  b.p.  151-152712  mm.,  d2f  0-9469,  n^2°l-4881, 
was  obtained.  Dehydrogenation  of  the  mixture  of  unsaturated 
secondary  alcohols  with  sulphur  gave  cadalene. 

The  alcohol  fraction,  which  did  not  react  with  phthalic 
anhydride,  was  purified  through  the  benzoate,  and  on  hydrolysis 
gave  a  tertiary  alcohol,  b.p.  156712  mm.,  df«° 0-9665,  n£°  1-5050. 
This  fraction,  in  spite  of  its  very  constant  boiling-point,  is  a 
mixture  of  at  least  two  tertiary  alcohols,  since,  on  dehydrogena- 
tion with  sulphur,  both  cadalene  and  eudalene  are  formed.  The 
occurrence  of  derivatives  of  both  these  naphthalene  hydro- 
carbons in  the  same  oil  is  of  interest. 


*  Helv.  Chim.  Acta,  1924,  7,  260. 
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Chapoteaut*  and  Guerbetj  noted  the  presence  in  East  Indian 
sandalwood  oil  of  an  aldehyde,  which  was  considered  to  have  the 
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212°.  The  aldehyde  was,  however,  first  obtained  pure  by 
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paration of  its  bisulphite  compound  and  was  shown  to  have  the 
composition  CuH160,  b.p.  86-87°/6  mm.,  d20° 0-9938,  n™*  1-48393, 
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*  Bull.  Soc.  chim.  1882  [in],  37,  303. 

t  Compt.  rend.  1900,  130,  417. 

%  SchimmeVs  Report,  1910,  October,  p.  124. 
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aD  —  38-48°.  It  was  characterised  by  the  preparation  of  the 
semicarbazone,  m.p.  223-224°,  and  there  can  be  no  doubt  that 
it  is  identical  with  the  aldehyde  (III)  prepared  by  Semmler*  by 
the  ozonolysis  of  the  enol-acetate  of  tricycloehasantalal  (I) 
(p.  547)  and  by  Semmler  and  Zaarf  by  the  oxidation  of  norZn- 
cydoehasantalol  (II)  with  chromic  acid. 

The  formula  assigned  to  the  natural  aldehyde  was  confirmed 
by  its  oxidation  to  nortricycloekasantalic  acid  (IV). 

The  oxime  is  an  oil,  b.p.  135-137°/7  mm. 


*  Ber.  1909,  42,  588. 
t  Ibid.  1910,  43,  1891. 
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KETONES* 

DOREMONE 

The  only  acyclic  sesquiterpene  ketone,  C15H260,  which  has  been 
found  to  occur  in  nature,  is  doremone,  which  was  isolated  by 
Semmler,  Jonas  and  Roenischf  from  the  oil  of  ammoniacum 
(from  Dorema  Ammoniacum  Don). 

The  ketone,  b.p.  145-155°/12  mm.,  d20°  0-8765,  n2£  1-47160, 

20° 

[a]£  +  3-30°,  was  characterised  by  the  preparation  of  the  semi- 
carbazone,  m.p.  124°,  and  the  oxime,  m.p.  88°.  It  contains  two 
ethylenic  linkages,  since,  on  catalytic  hydrogenation,  tetra- 
hydrodoremone,   C15H30O,   b.p.    142-144°/12  mm.,   d20°  0-8434, 

20° 

n%  1-44803,  [a]D+  1-24°,  was  obtained.  On  reduction  with 
sodium  in  alcoholic  solution,  doremone  yields  the  alcohol, 
doreraoZ,C15H280,b.p.  145-150°/12  mm.,  d20° 0-8702,  n2/ 1-47130, 
[a]D  +  30°,  from  which,  by  catalytic  hydrogenation,  tetrahydro- 
doremol,  C15H320,  b.p.  140-145°/12  mm.,  d20°  0-8403,  ^°°1-44818, 
[a]D  +  2-48°,  was  prepared.  Doremol  probably  occurs  in  ammo- 
niacum oil,  as  the  acetate,  b.p.  155-165°/12  mm.,  d20°  0-8896, 

20° 

nD  1-46596,  [a]D  +  4-48°,  but  this  was  not  obtained  pure. 

Tetrahydrodoremol  is  isomeric  with  tetrahydrofarnesol  and 
tetrahydronerolidol,  but  its  structural  relationship  to  these 
alcohols  has  not  been  determined. 

SANTALONE 

v.  Soden  and  Miillert  separated  from  East  Indian  sandalwood 
oil  a  ketone,  santalone,  CuH160,  b.p.  214-215°,  88-89°/15  mm., 
d15°  0-9906,  nD  1-50021,  aD  —  60°,  and  its  occurrence  in  the  oil  has 
been  confirmed  by  Schimmel  and  Co.§  The  ketone  yields  a 
crystalline  oxime,  m.p.  74-75°,  and  a  semicarbazone,  m.p.  174- 
176°.  Its  constitution  and  its  relationship  to  the  other  con- 
stituents of  the  oil  have  not  been  determined. 

*  McDowall  {J.C.8.  1925, 127,  2200;  1927,  p.  731;  1928,  p.  1324)  has  described  a 
ketone,  ngaione,  C15H2203,  which  he  separated  from  the  oil  from  the  leaves  and 
terminal  branchlets  of  Myoporum  laetum  Forst.  Since  this  ketone,  like  elsholtzione, 
is  probably  a  furane  derivative,  an  account  of  its  reactions  has  been  omitted. 

t  Ber.  1917,  50,  1828.  J  Arch.  Pharm.  1900,  238,  366. 

§  SchimmeVs  Report,  1910,  October,  p.  125. 
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Abelmoschus  moschatus,  oil  from,  553 

Abies  Sibirica,  oil  from,  227 

Acetyl- 1-aminonopinone,  156 

<o-Acetylcamphene,  262 

Acetylcamphor,  377,  383 

Acorus  Calamus,  oil  from  rhizomes  of, 

513,  588 
Aminoborneol,  344 
Aminocamphenes,  255,  256 
3-Aminocamphonanic  acid,  401, 406, 421 
a'-Aminocamphor,  342,  343 
j3-Aminocamphor,  347 
<o-Aminocyclene,  275 
Aminodihydrocampholytic  acid,  407 
Aminoepicamphor,  430 
Aminopinene,  174 

Andropogon  Jwarancusa,  oil  from,  64 
Anhydrofenchocarboxylic  acid,  477 
Anilo-d-methylenecamphor,  380 
Apiium  graveolens,  oil  from  fruit  of,  508 
Aplotaxene,  528 
Apobornylene,  271 

—  ,  constitution  of,  271 

—  ,  oxidation  of,  273 
7r-Apocamphane-7-carboxylic  acid,  352 
Apocamphoric  acid,  synthesis  of,  244 
Apocyclene,  272 

—  ,  constitution  of,  272 

—  ,  hydration  of,  272 
Apofenchene,  465 

—  nitrosochloride,  465 
Apofenchocamphoric  acid,  448 

—  acid,  synthesis  of, 

449 

Apotricyclenic   acid,   conversion  into 

camphenilone,  302 
Aromadendrene,  529 
Aromadendrone,  530 
Artemisia  Absinthium,  oil  from,  21,  29 
Atractylol,  see  Eudesmol 
Austracamphene,  see  Camphene 
Azulene,  594 

Balbiano's  acid,  constitution  of,  312 
<o-Benzoylborneol,  262 
o>-Benzoylcamphene,  262 


Benzoylcamphor,  383 

—  ,  bromination  of,  385 

co- Benzoylcamphor,  262 
Benzylcamphor  and  its  bromo-deriva- 

tive,  377 
Benzylidenecampholic  acid,  379 
Benzylidenecamphor,  378 
Benzylidene-j3-dihydroumbellulone,  49 
Benzylidenesantenone,  220 
Betula  alba,  oil  from,  585 
Betulene,  586 
Betulol,  585 

—  ,  action  of  phosphorus  penta- 

chloride  on,  585 

—  ,  reduction  of,  585 
Betulyl  chloride,  586 
Bisabolene,  491,  562 

—  ,  constitution  of,  492 

—  hexabromide,  494 

—  ,  oxidation  of,  with  ozone,  492 

—  ,  reduction  of,  493 

—  trihydrochloride,  491,  494 
Bisabolol,  562 
Bisnitrosocarone,  74 

Blumea  balsamifera,  oil  from,  288,  305 
Borneene,  289 

Borneocamphor,  see  Borneol 
Borneol,  288 

—  ,  action  of  halogen  acids  on,  297 

—  ,  action  of  halogens  on,  297 

—  ,  action  of  potassium  hydroxide 

on,  297 

—  carboxylic  acid,  264 

cis-  and  tfnms-Borneolcarboxylic  acids, 
373 

Borneol,  dehydration  of,  297 

—  a-naphthylurethane,  298 

—  2>-nitrobenzoate,  294 

—  ,  oxidation  of,  to  camphor,  296 

—  ,  oxidation  of,  with  chromic  acid, 

296 

—  phenylurethane,  298 

—  ,  preparation  of,  289,  295 

—  ,  reduction  of,  295 

—  ,  relation  of,  to  isoborneol,  291 

—  ,  synthesis  of,  294 
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Bornylamine,  358 

Bornyl  bromide,  141,  144,  287 

—  chloride,  139,  279 

—  chloride,  action  of  magnesium  on, 

282 

—  chloride,  constitution  of,  280 

—  chloride,  conversion  of,  into  cam- 

phene,  281 

—  chloride,  oxidation  of,  with  nitric 

acid,  280 

—  chloride,  reduction  of,  281 

—  -2-chlorocymene-5-sulphonate, 

260 

—  dibromide,  140 

—  dichloride,  139 
Bornyldimethylamine,  265 
Bornylene,  232,  263 

—  ,  action  of  ethyl  diazoacetate 

on,  267 

—  ,  action  of  halogen  acids  on, 

269 

—  ,  action  of  hypochlorous  acid 

on,  270 

—  ,  action  of  nitric  acid  on,  269 

—  -3-carboxylic  acid,  264 

—  ,  catalytic  hydrogenation  of, 

267 

—  chlorohydrin,  251,  270 

—  .  constitution  of,  267 

—  ,  hydration  of,  271 

—  hydrochloride,  269 

—  nitrosite,  267 

—  ,  oxidation  of,  with  chromyl 

chloride,  268 

—  ,  oxidation  of,  with  hydrogen 

peroxide,  268 

—  ,  oxidation  of,  with  ozone, 

268 

0-Bornylene,  269 
Bornyl  iodide,  146,  287 

—  picrate,  162 
Bornyltrimethylammonium  iodide,  265 
Boswellia  Carterii,  oil  from,  181 

—  serrata,  oil  from,  9 
2-Bromocamphane-3-carboxylic  acid, 

264 

tu-Bromocamphene,  235,  248 
Bromocamphenic  acid,  243 
Bromocamphenilanic  acid,  241 
a-Bromocampholide,  336 
a-Bromocamphor,  330 
a'-Bromocamphor,  333 
j8-  (or  10-)  Bromocamphor,  334 

—  ,  constitution 

of,  319 


jS-  (or  10-)  Bromocamphor,  preparation 
of,  318 

77-  (or  8-)  Bromocamphor,  334 
5-Bromocamphor,  347 
Bromocamphorenic  acid,  335 
j8-  (or  6-)  Bromocamphoric  acid,  413 
77-Bromocamphoric  acid,  413 
oc-Bromocamphoric  anhydride,  411 
j8-Bromocamphorquinone,  334 
a-Bromocamphor-j8-sulphonic  acid,  351 
a-Bromocamphor-7r-sulphonic  acid,  352 
jS- Bromocamphor- a-sulphonic  acid,  334 
a- Bromocamphor- ^-sulphonyl  bromide , 
337 

j8-Bromocamphoryloxime,  343 
7r-Bromocamphoryloxime,  343 
Bromocyanocamphor,  376 
Bromodihydroumbellulone,  51 
Bromoepicamphor,  429 
Bromo-i-epicamphor  carboxylic  acid.  429 
a-Bromoepicamphor  carboxylic  acid,  431 
Bromofenchone,  471 
a-Bromo-a-formylcamphor,  381 
aVa-Bromoisofenchocamphoric  acid,  481 
Bromoi'sofenchone,  483 
a'-Bromo-a-methylcamphor,  377 
2-Bromo-2-nitrocamphane,  318,  360 
a-Bromo-a'-nitrocamphor,  331,  334 
jS-Bromonitrocamphor,  342 
7r-Bromo-a'-nitrocamphor,  343 
Bromopinic  acid,  100,  128 
Bulnesia  Sarmienti,  oil  from  wood  of,  592 

Cadalene,  synthesis  of,  489 
Cadinene,  501 

—  ,  action  of  chromyl  chloride  on, 

507 

—  ,  constitution  of,  502 

—  ,  dehydrogenation  of,  502 

—  ^hydrochloride,  506 

—  glycol,  507 

—  ,  isomerisation  of,  507 

—  nitrosate,  508 

—  nitrosochloride,  508 

—  ,  oxidation  of,  with  manganese 

dioxide  and  sulphuric  acid, 
502 

—  ,  oxidation  of,  with  ozone,  503 

—  ,  reduction  of,  506 
Cadinenes,  a-  and  505 
Cadinol,  564 

—  ,  constitution  of,  564 

—  ,  oxidation  of,  with  ozone,  566 

—  ,  reduction  of,  564 
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Calamene,  513 
Calamenene,  588 
Calamenol,  588 
Calameone,  588 
Callitris  glauca,  oil  from,  592 
Camphane,  1,  221 

—  -2-aldehyde,  284 

—  -2-carboxylic  acid,  282,  284 

—  -3-carboxylic  acid,  264 

—  ,  constitution  of,  222 

—  -5  :  6-dione-2-carboxylie  acid, 

283 

—  ,  nitration  of,  222 
Camphanic  acid,  311 

cis-  and  £raws-7r-Camphanic  acids,  413 
Camphan-6-one-2-carboxylic  acid,  282 
Camphenanic  acid,  238 
Camphene,  227 

—  ,    action    of    bromine  on, 

248 

—  ,  action  of  chlorine  on,  246 

—  ,  action  of  chromyl  chloride 

on,  240 

—  ,  action  of  ethyl  diazoacetate 

on,  234 

— ■      ,  action  of  hydrogen  bromide 
on,  251 

—  ,  action  of  hydrogen  chloride 

on,  249 

—  ,  action  of  hydrogen  iodide  on, 

251 

—  ,  action  of  hypochlorous  acid 

on,  251 

—  ,  action  of  nitric  acid  on,  244, 

253 

—  ,  action  of  trioxymethylene 

on,  261 

Camphenecarboxylic  acid,  249 
Camphene-l-carboxylic  acid,  amide  of, 
365 

Camphene  chlorohydrin,  constitution  of, 
251 

—  ,  condensation  of,  with  acetyl 

chloride,  262 

—  ,  condensation  of,  with  ben- 

zoyl chloride,  262 

—  ,  constitution  of,  230 

—  glycol,  231,  241 

—  hydrate,  257 

—  ,  hydration  of,  257 

—  hydrochloride,  250 

—  ,  hydrogenation  of,  223 

—  nitrate,  253 

—  nitronitrosite,  254 

—  nitrosite,  254 


Camphene,  oxidation  of,  with  benzoyl- 
hydroperoxide,  238 

—  ,  oxidation  of,  with  chromic 

acid,  239 

—  ,  oxidation  of,  with  hydrogen 

peroxide,  238 

—  ,  oxidation  of,  with  ozone,  234 

—  ,  oxidation  of,  with  potassium 

permanganate,  231 

—  oxide,  238 

—  ,  preparation  of,  238 

—  ,  reduction  of,  238 

—  ,  synthesis  of,  237 
Camphenic  acid,  231,  243 

—  acid,  synthesis  of,  243 
Camphenilanaldehyde,  238 

—  ,  preparation  of, 

from  camphene 
glycol,  241 

Camphemlane,  226 

—  ,  nitration  of,  227 
Camphenilanic  acid,  239 
Camphenilanol,  239 
Camphenilene,  see  Santene 
Camphenilic  nitrite,  254 
Camphenilol,  208,  303 
Camphenilone,  208,  301 

—  ,  action  of  the  Grignard 

reagent  on,  304 

—  ,   action   of  phosphorus 

pentachloride  on,  304 

—  ,  action  of  sodamide  on,  303 

—  carboxylic  acid,  282 
Camphenilonewooxime,  304 
Camphenilone,  oxidation  of,  with  nitric 

acid,  303 
Campheniloneoxime,  304 
Camphenilone,  reduction  of,  303 
Camphenilonesemicarbazone,  303 
Camphenilone,  synthesis  of,  302 
Camphenilyl  chloride,  303 
Camphenone,  see  jS-Peric?/cfocamphanone 
a-Camphenone,  256 
Camphenonic  acid,  243 
Camphenylic  acid,  231,  236,  241 
Camphidine,  408 
a-Camphidone,  408 
jS-Camphidone,  408 
Camphinene,  256 
Camphoceenic  acid,  nitrile  of,  304 
Camphogene,  see  Camphene 
Camphol,  289 
a-Campholactone,  314,  417 
cw-Campholanic  acid,  367 
frans-Campholanic  acid,  367 
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a-Campholenaldehyde,  323 
j8-Campholenamide,  347 
Campholene,  364 
a-Campholenic  acid,  319,  361 

—  acid,  conversion  of,  into 

pinonic  acid,  103 
j8-Campholenic  acid,  363 
a-Campholenonitrile,  361 
j8-Campholenonitrile,  362 
Campholic  acid,  297,  366 
Campholide,  309 
a-Campholide,  324,  399 
j3-Campholide,  401 
a-Campholytic  acid,  416 

—  acid,  bromination  of,  418 

—  acid,  oxidation  of,  418 

—  acid,  synthesis  of  417 
j8-Campholytic  acid,  see  isoLauronolic 

acid 

cis-  and  £r<ms-Campholytolactones,  417 
Camphonenic  acid,  421 
Camphonic  acid,  336 
Camphonolactone,  401 
Camphononic  acid,  312,  399 

—         acid,  reduction  of,  401 
Camphor,  305 
Camphoracetal,  389 

Camphor,  action  of  dehydrating  agents 
on,  353 

—  ,  action  of  Grignard  reagent  on, 

386 

—  ,  action  of  phosphorus  penta- 

chloride  on,  354 

—  ,  action  of  phosphorus  pent- 

oxide  on,  354 

—  ,  action  of  sodium  on,  289 

—  ,  action  of  sulphuric  acid  on, 

325,  354 

—  ,  alkylation  of,  377 

—  ,  artificial,  142 
a-Camphoramic  acid,  406 
j9-Camphoramic  acid,  407 
Camphorcarboxylic  acid,  264,  370 

—  acid,  action  of  acetyl 

chloride  on,  372 

—  acid,  halogenation  of, 

371 

—  acid,   reduction  of, 

372 

Camphor,  constitution  of,  306 
Camphorcyanohydrin,  365 
Camphordiazoaminobenzene,  345 
a-Camphor  dichloride,  355 
/9-Camphor  dichloride,  247,  355 
Camphorenic  acid,  336 


Camphor  enol  ethyl  ether,  369 

—  ,  enolic  form  of,  369 

—  ,  formation  of,  from  homocam- 

phoric  acid,  310 

—  ,  fusion  of,  with  potassium 

hydroxide,  366 

—  ,  halogen  derivatives  of,  326 
Camphorhydrazone,  368 
Camphoric  acid,  396 

—  acid,  acid  chloride  of,  404 

—  acid,  action  of  reducing  agents 

on,  408 

—  acid,  amides  of,  405,  406 

—  acid,  constitution  of,  306 

—  acid,  distillation  of  salts  of, 

409 

—  acid,  fusion  of,  with  potas- 

sium hydroxide,  409 

—  acid,  halogen  derivatives  of, 

410 

—  acid,  hydrogen  esters  of,  402 

—  acid,  oxidation  of,  409 

—  acid,  semi-aldehyde  of,  389 

—  acid,  sulphonation  of,  414 

—  acid-7r-sulphonic  acid,  353 

—  acid,  synthesis  of,  314 

—  anhydride,  398 

—  anhydride,   action    of  alu- 

minium chloride  on,  409 

—  anhydride,  reduction  of,  399 
Camphorimide,  406,  408 
Camphorimine,  345,  364 

—  ,    action    of  hydrogen 

cyanide  on,  365 
Camphor,  nitro  derivatives  of,  340 
a-Camphor  nitrilic  acid,  404 
Camphorone,  409 
Camphoronic  acid,  310,  324 
Camphor,  oxidation  of,  323 

—  ,  oxidation  of,  with  chromic 

acid,  324 

—  ,  oxidation  of,  with  nitric  acid, 

325 

—  ,  oxidation  of,  with  potassium 

permanganate,  325 
Camphoroxime,  315,  358 

—  ,   action   of  potassium 

bypobromite  on,  255, 
360 

—  ,  Beckmann  transforma- 

tion of,  361 

—  ,  hj^drolysis  of,  358 

—  ,  oxidation  of,  359 

—  ,  reduction  of,  358 
Camphorphenylsemicarbazone,  315 
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Camphor,  pinacone  from  323 
Camphorquinone,  323,  386 

—  ,  action  of  bromine  on, 

388 

—  ,  action  of  hydrogen 

cyanide  on,  388 

—  ,  action  of  magnesium 

methyl  iodide  on, 
388 

—  ,  action  of  potassium 

hydroxide  on,  389 

—  ,  action  of  sulphuric 

acid  on,  388 
Camphorquinonedioximes,  configura- 
tions of,  394 
Camphorquinonehydrazone,  346 
Camphorquinone,  oxidation  of,  387 
Camphorquinoneoximes,  configurations 
of,  389 

Camphorquinone,  reduction  of,  387 
Camphor,  reactions  involving  the  car- 
bonyl  group,  358 

—  ,  reduction  of,  289,  322 
Camphorsemicarbazone,  315 
Camphor,  sodium  derivative  of,  369 

—  ,  some  reactions  involving  the 

a-carbon  atom,  369 
Camphor-7r-sulphonamide,  353 
Camphor-^-  (or  10-)  sulphonic  acid,  320, 
349 

Camphor-7r-sulphonic  acid,  351 
Camphor,  sulphonic  acids  of,  349 

—  synthetic,  manufacture  of,  317 
Camphor-7T-sulphonyl  chloride,  330 
Camphorylazoimide,  345 
Camphorylcarbamide,  344 
Camphoryl-i/f-carbamide,  344 
Camphoryloxime,  342 
Camphoryloxime,  anhydride  of,  342 
Camphoryl-i/f-semicarbazide,  344 

a-  and  $-Camphylic  acids,  415 
Canarium  luzonicum,  oleo-resin  from, 

569 
Carane,  1,  53 

—  ,  action  of  bromine  on,  55 

—  ,  action  of  hydrogen  bromide  on, 

55 

—  ,  action  of  hydrogen  chloride  on,  54 
Carbocamphenilone,  236 
Carbofenchonone,  477 
Carboxyapocamphoric  acid,  244 
Carboxycampholic  acid,  283 

Carene  oxide,  61 
A3-Carene,  56 

—  ,  action  of  bromine  on,  63 


A3-Carene,  action  of  hydrogen  chloride 
on,  56,  57,  63 

—  ,  action  of  sulphuric  acid  on,  63 

—  ,  auto-oxidation  of,  60 

—  ,  constitution  of,  56-60 

—  -oc-glycol,  60 

—  -jS-glycol,  60 

—  monohydrochloride,  63 

—  nitrosate,  60,  63 

—  nitrosochloride,  63 

—  ,  oxidation  of,  with  Beck- 

mann's  reagent,  61 

—  ,  oxidation  of,  with  benzoyl- 

hydroperoxide,  61 

—  ,  oxidation  of,  with  hydrogen 

peroxide,  60 

—  ,  oxidation  of,  with  ozone,  59 

—  ,  oxidation  of,  with  potassium 

permanganate,  56,  62 
A4-Carene,  64 

—  ,  action  of  bromine  on,  66 

—  ,  action  of  hydrogen  chloride 

on,  66 

—  ,  constitution  of,  64 

—  ,  oxidation  of,  with  Beck- 

mann's  reagent,  65,  66 

—  ,  synthesis  of,  65 
Carol,  70,  72 

Carone,  67 

—  ,  action  of  hydrogen  bromide  on, 

71 

—  ,  action  of  sulphuric  acid  on,  71 

—  ,  constitution  of,  68 
Caronehydrazone,  73 
Carone,  oxidation  of,  69 
Caroneoxime,  71 
Carone,  reduction  of,  70 
Caronesemicarbazone,  70,  73 
Carvopinone,  157 
Carylamine,  71 

Caryophyllene,  action  of  chromyl  chloride 
on,  524 

—  ,  action  of  hypochlorous 

acid  on,  524 

—  ,  condensation  of,  with 

ethyl  diazoacetate,  527 

—  ,  constitution  of,  516 

—  dihydrochloride,  515,  525 

—  dihydrochloride,  action  of 

bases  on,  525 

—  ,  hydration  of,  525 

—  monohydrochloride,  525 

—  ,  oxidation  of,  with  ozone, 

516 

—  ,  reduction  of,  520 
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a-Caryophyllene,  515 

—  alcohol,  527 

—  alcohol,   oxidation  of, 

with  Beckmann's  re- 
agent, 527 

—  nitrosate,  515 

—  nitrosite,  515 

—  nitrosobromide,  515 

—  nitrosochloride,  514, 515 
j8-Caryophyllene,  515 

—  alcohol,  525 

—  nitrosite,  515 

—  nitrosochloride,  515 
y-Caryophyllene,  515 

—  nitrosochloride,  515 
Caryophyllenes,  513 
Caryophyllenic  acid,  516 

—  acid,  constitution  of,  523 
Cedar  camphor,  589 

Cedrene,  530,  589 

—  ,  action  of  chromyl  chloride  on, 

536 

—  ,  action  of  mercuric  acetate  on, 

536 

—  ,  auto-oxidation  of,  532 
Cedrenecamphoric  acid,  533 
Cedrene,  constitution  of,  532 
Cedrenedicarboxylic  acid,  530 
Cedrene  nitrosochloride,  536 

—  ,  oxidation  of,  with  manganese 

dioxide  and  sulphuric  acid, 
536 

—  ,  oxidation  of,  with  ozone,  531 

—  ,  oxidation  of,  with  potassium 

permanganate,  530 

—  ,  reduction  of,  536 
Cedrenol,  586 

—  acetate,  586 

—  ,  action  of  phosphorus  penta- 

chloride  on,  586 

Cedrol,  589 

—  ,  constitution  of,  590 

—  ,  dehydration  of,  589 
Cedrolphenylurethane,  590 
Cedrone,  531 

—  ,  oxidation  of,  with  ozone,  532 

2-  Chloro-3-aminocamphane,  344 
jty"-Chloroaminocamphor,  345 
Chlorobromocamphane,  246 
a-Chloro-a'-bromocamphor,  328 
a'-Chloro-a-bromocamphor,  328 
7r-Chloro-a-bromocamphor,  353 

3-  Chlorocamphane,  269 
6-Chlorocamphane-2-carboxylic  acid,  284 
a-Chlorocamphene,  247 


jS-Chlorocamphene,  247 
co-Chlorocamphene,  246 
Chlorocamphenilone,  247 
j3-Chlorocamphenilone,  247 
a-Chlorocamphor,  326 
a'-Chlorocamphor,  327 
j3-  (or  10-)  Chlorocamphor,  329 
7T-  (or  8-)  Chlorocamphor,  330 
Chlorocamphorcarboxylic  acid,  326 
a-Chlorocamphoric  anhydride,  410 
a-Chlorocamphor-j3-sulphonic  acid,  351 
a-Chlorocamphor-7T-sulphonic  acid,  352 
a-Chlorocamphor-7r-sulphonyl  chloride, 
330 

10-Chlorocamphor  sulphoxide,  320 
Chlorocyanocamphor,  376 
Chlorodibromocamphor,  329 
Chlorodimethylpmylamine,  161 
6-Chloroepicamphor,  429 
Chloromethylenecamphor,  382 
2-Chloro-2-nitrocamphane,  360 
a-Chloro-a'-nitrocamphor,  328 
a'-Chloro-a-nitrocamphor,  328 
Chlorotricyclene,  247,  278 
co-Chlorotricyclene,  276 
Chrysanthemum  sinense,  oil  from,  305 
Cinnamonum  Camphora,  oil  from,  305 
Citrus  Bigaradia,  oil  from,  559 
Clovene,  525 

—  ,  oxidation  of,  with  chromic  acid, 

526 

Clovenic  acid,  526 
Copaene,  537 

—  ,  constitution  of,  538 
Copaenedicarboxylic  acid,  538 
Copaene,  oxidation  of,  with  ozone,  537 

—  ,  oxidation  of,  with  potassium 

permanganate,  537,  539 

—  ,  reduction  of,  537 
Copaiba  oil,  513,  537 
Costene,  527 
a-Costene,  527 

—  ,  hydration  of,  527 
j3-Costene,  527 

Costol,  587 

—  ,   action  of  phosphorus  penta- 

chloride  on,  587 

—  ,  oxidation  of,  with  chromic  acid, 

587 

Costus  acid,  587 

—  lactone,  587 
Costyl  chloride,  587 
Cubebol,  590 

—  -a-naphthylurethane,  591 
Cubebolphenylurethane,  590 
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Cupressus  semper  vir  ens,  oil  from,  589 
Curcuma  aromatica,  sesquiterpenes  from 

rhizomes  of,  499 
—     Zedoraria,  oil  from  rhizomes  of, 

494 

a-Curcumene,  499 

—  monohydrochloride,  500 

—  nitrosate,  500 
j3-Curcumene,  500 

—  ,  isomerisation  of,  501 

—  trihydrobromide,  501 

—  trihydrochloride,  500 
a-Cyanocamphor,  309,  375 
Cyanocamphor,  alkyl  derivative  of,  376 
Cyanocarone,  75,  80 
Cyanodihydro-a-campholytic  acid,  407 
a-Cyanolauronolic  acid,  406 
Cyclene,  see  Tricyclene 
Ct/cZocampholenic  acid,  346 
CycZotsocamphoronic  acid,  346 
Cycloienchene,  451 

—  ,  action  of  hydrogen  chlo- 

ride on,  452 

—  ,  bromination  of,  452 

—  ,  reduction  of,  436 
Cypress  camphor,  589 

Dacrydium  Franklini,  oil  from,  64 
Dehydrobetulene,  586 
Dehydrocamphenic  acid,  243 

—  acid,    oxidation  of, 

108 

Dehydrocamphoric  acid,  412 
Dehydrohomocamphoric  acid,  309,  312, 
400 

Dehydroisofenchocamphoric  acid,  481 
Dehydroisofenchocamphoric  acid,  oxi- 
dation of,  482 
1  :  3-Diacetylci/cZopentane,  206 
Diazocamphor,  345 
Dibornyl  ether,  297 
Dibromocampholide,  335 
aa'-Dibromocamphor,  331,  335 
ajS-  (or  3  :  10-)  Dibromocamphor,  336 
oc'j3- Dibromocamphor,  337 
a.TT- Dibromocamphor,  338,  353 
Kir- Dibromocamphor,  338 
a'jS-Dibromocamphor-a-sulphonamide, 
334 

aa'-Dibromocamphor-rr-sulphonic  acid, 
353 

Dibromodihydroumbellulone,  50 
a/3-Dibromo-a'-nitrocamphor,  337,  342 
a7r-Dibromo-a'-nitrocamphor,  338 


a-Dichlorocamphane,  247 
/3-Dichlorocamphane,  247 
2  :  2-Dichlorocamphane,  355 
2  :  10-Dichlorocamphane,  355 
aa'-Dichlorocamphor,  329 
oc7r-Dichlorocamphor,  330 
cis-l  :  2-Dichloro-£>-menthane-6  :  8-diol, 
145 

2  :  8-Dichloro-p-menthane-l  :  6-diol, 
148 

Difencholylurea,  465 
Dihydroaromadendrene,  530 
Dihydrocadinene,  566 

—  ,   oxidation   of,  with 

ozone,  566 

Dihydrocadinol,  564 
j3-Dihydrocamphoceenic  acid,  303 
Dihydrocampholenolactone,  348 
Dihydro-jS-campholenolactone,  363 
Dihydrocaryophyllene,  520 
Dihydrocedrene,  536 
Dihydrocopaene,  537 
Dihydrocostus  lactone,  587 
Dihydro-a-curcumylamine,  500 
Dihydrodihydroxy-a-santalol,  582 
Dihydroelemol,  574 
Dihydroeucarveol,  77 
a-Dihydroeucarveol,  81 
Dihydroeucarvone,  77 
a-Dihydroeucarvone,  81 

—  ,  nitroso  derivative 

of,  81 

j8-Dihydroeucarvone,  81 

—  nitrosochloride,  81 
a  -  Dihydroeucar  vonesemicarbazone ,  8 1 
j3-Dihydroeucarvonesemicarbazone,  81 
j3-Dihydroeucarvoxime,  81 
a-Dihydroeucarvylamine,  83 
Dihydroeudesmene,  579 

—  ,  oxidation  of,  with 

ozone,  579 
Dihydroeudesmol,  512,  576 

—  ,  partial  synthesis  of, 

579 

Dihydro-a-fencholenic  acid,  474 
Dihydroguaiene,  592 
Dihydroguaiol,  593 
Dihydro-jS-gurjunene,  540 
a/3-Dihydroionone,  554 
Dihydroisolauronolic  acid,  420 
Dihydromyrtenal,  171 
Dihydromyrtenic  acid,  192 
Dihydrosabinene,  see  Thujane 
Dihydro-a-santalene,  549 
Dihydroselinenol,  see  Dihydroeudesmol 
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Dihydroteresantalic  acid,  547 
j8-Dihydroumbellulol,  47,  49 
a-Dihydroumbellulone,  50 
j3-Dihydroumbellulone,  47,  49 
Dihydroverbenene,  185 
Dihydroverbenol,  see  Verbanol 
Dihydroxy-j3-campholenic  acid,  363 
Dihydroxydihydro-a-campholenic  acid, 
361 

Dihydroxydihydrolaurolenic  acid,  423 
Dihydrozingiberene,  494 

—  ,  oxidation  of,  with 

ozone,  497 

—  ,  oxidation  of,  with 

potassium  per- 
manganate, 497 

aa'-Di-iodocamphor,  339 

^9-Diketocamphane,  325 

5  : 9-Dimethyl-3-acetyldecalin,  579 

Dimethylcamphor,  378 

Dimethyldihydro-a-curcumylamine,  500 

1  :  6-Dimethyl-4-isopropylnaphthalene, 
see  Cadalene 

Dimethylnorcampholide,  234 
Dimyrtenyl,  180 

2  :  3-Dinitrocamphane,  269 

10  :  10-Dinitro-lO-chlorocamphor,  320 

coco-Dinitro-2-hydroxycamphane,  254 

Dithiocamphorcarboxylic  acid,  386 

Dizingiberene,  499 

Dorema  Ammoniacum,  oil  from,  599 

Doremol,  599 

Doremone,  599 

Doremoneoxime,  599 

Doremone,  reduction  of,  599 

Doremonesemicarbazone,  599 

Dryobalanops  aromatica,  oil  from,  288 

Ekasantalal,  549 
Ekasantalic  acid,  549 
Elemene,  570 

—  ,  oxidation  of,  with  ozone,  573 
Elemol,  569 

—  ,  action  of  sulphur  on,  575 

—  ,  constitution  of,  570 

—  ,  dehydration  of,  569 

—  ,  dehydrogenation  of,  570 

—  ,  oxidation  of,  with  ozone,  571 

—  phenylurethane,  574 

—  ,  reduction  of,  574 
Endoborneol,  270 
Endocamphene,  synthesis  of,  235 
Epiborneol,  428 
Epicamphor,  425 


Epicamphor,  bromination  of,  429 
Epicamphorcarboxylic  acid,  430,  431 

—  ,  reduction  of,  43 1 

Epicamphor,  oxidation  of,  429 
Epicamphoroxime,  428 
2-Ethoxybornylene,  369 
Ethyl  camphoryl  malonate,  405 
Eucalyptus  globulus,  oil  from,  187 

—  Macarihuri,  oil  from,  575 

—  piperita,  oil  from,  575 
Eucarvone,  75 

—  ,  action  of  phosphorus  penta- 

chloride  on,  83 

—  ,  benzylidene  derivative  of, 

78,  84 

—  ,  constitution  of,  76 
Eucarvonehydroxylamino-oxime,  84 
Eucarvone,  reduction  of,  77,  81 
Eucarvonesemicarbazone,  81 
Eucarvoxime,  83 

Eucarya  spiacata,  oil  from,  591 
Eudalene,  synthesis  of,  489 
Eudesmene,  509,  576 
Eudesmol,  575 

—  acetate,  575 

—  ,  action  of  hvdrogen  chloride 

on,  576 

—  ,  constitution  of,  576 

—  ,  dehydration  of,  576 

■ —      ,  dehydrogenation  of,  576 

—  dibromide,  580 

—  ,  oxidation  of,  with  ozone,  577 

—  ,  reduction  of,  576,  580 
Eudesmols,  a-  and  jS-,  512,  580 
Eugenia  caryophyllata,  oil  from,  513 
Euterpene,  83 

Farnesal,  553 
Farnesane,  557 

Farnesene,  action  of  hydrogen  chloride 
on,  562 

Farnesenes,  a-  and  j9-,  557,  562 
Farnesenetetrahydrochloride,  562 
Farnesenic  acid,  554 
Farnesol,  553 

—  ,  constitution  of,  553 

,  oxidation  of,  with  chromic 
acid,  553 

—  ,  oxidation  of,  with  ozone,  555 

—  ,  oxidation  of,  with  potassium 

permanganate,  558 

—  ,  reduction  of,  557 

—  ,  synthesis  of,  555 
Farnesyl  bromide,  558 


INDEX  OF  SUBJECTS 


619 


Fenchane,  1,  433 

—  ,  action  of  nitric  acid  on,  433 
oc-Fenchene,  209,  443 

—  ,  constitution  of,  444 

—  dibromide,  434 

—  ,  oxidation  of,  with  chromic 

acid,  446 

—  ,  oxidation  of,  with  ozone,444 

—  ,  oxidation  of,  with  potassium 

permanganate,  444 

—  ,  ozonide  of,  446 

—  ,  reduction  of,  435 

—  ,  synthesis  of,  445 
j8-Fenchene,  209,  447 

—  dibromide,  448 

—  ,  oxidation  of,  with  ozone,448 

—  ,  oxidation  of,  with  potassium 

permanganate,  448 

—  ,  synthesis  of,  449 
y-Fenchene,  449 

—  ,  oxidation  of,  with  ozone, 

450 

8-Fenchene,  451 

—  nitrosate,  451 

—  nitrosochloride,  451 
Fenchenes,  nomenclature  of,  441 

—  ,  preparation  of,  438 
oc-Fenchenylanic  acid,  446 
a-Fenchocamphorone,  444 

—  ,  synthesis  of,  445 

j8-Fenchocamphorone,  448 
a-  and  jS-Fenchocarboxylic  acids,  477 
Fencholamide,  reactions  of,  464 
a-Fencholenic  acid,  472 
j8-Fencholenic  acid,  475 
y-Fencholenic  acid,  471 
a-Fencholenonitrile,  473 
j8-Fencholenonitrile,  473 
Fencholic  acid,  463 
Fenchone,  460 

—  ,  action  of  carbon  dioxide  on, 

in  presence  of  sodium,  477 

—  ,  action  of  halogens  on,  471 

—  ,  action  of  magnesium  methyl 

iodide  on,  477 

—  ,  action  of  phosphorus  penta- 

chloride  on,  472 

—  ,  action  of  phosphorus  pent- 

oxide  on,  472 

—  ,  action  of  sodamide  on,  463 

—  ,  action  of  sulphuric  acid  on,  472 

—  ,  constitution  of,  461 

—  ,  fusion  of,  with  potassium 

hydroxide,  464 
Fenchonehydrazone,  433,  472 


Fenchoneimine,  475 
Fenchone,  nitration  of,  470 

—  ,  oxidation  of,  in  air,  469 

—  ,  oxidation  of,  with  nitric  acid, 

471 

—  ,  oxidation  of,  with  potassium 

permanganate,  469 
Fenchoneoxime,  468,  472 
Fenchone-j3-oxime,  473 
Fenchoneoxime,  action  of  sulphuric  acid 
on,  473 

Fenchone,  reduction  of,  454,  468 
Fenchonesemicarbazone,  468 
Fenchone,  synthesis  of,  466 
Fenchopinacone,  469 
Fenchosantenone,  468 
Fenchyl  alcohol,  452 

—  alcohol,    action    of  hydrogen 

chloride  on,  455 

—  alcohol,  constitution  of,  454 

—  alcohol,  reduction  of,  455 

—  alcohol,  separation  of,  stereo - 

isomeric  forms  of,  453 
a-Fenchyl  alcohol,  dehydration  of,  447 

—  hydrogen  phthalate,  453 

—  phenylurethane,  455 
Fenchylamine,  476 
Fenchyl  chlorides,  456 
Fenchylene,  see  8-Fenchene 
j3-Fenchyl  jo-nitrobenzoate,  453 
Fenchyl  picrate,  162 

Ferula  galbaniflua,  oil  from,  163 
Foeniculus  vulgare,  oil  from,  460 
Fusanols,  591 

Globulol,  580 

Gonystylus  Miquelianus,  oil  from,  592 
Guaiazulene,  593 
Guaiene,  593 
Guaiol,  592 

—  ,  dehydration  of,  593 

—  ,  oxidation  of,  with  ozone,  592 

—  ,  oxidation  of,  with  potassium 

permanganate,  592 

—  ,  reduction  of,  593 
Gurjun  balsam,  539 
Gurjunene  ketone,  540 
a-Gurjunene,  539 

—  ,  action  of  hydrogen  chloride 

on,  541 

—  ,  reduction  of,  541 
jS- Gurjunene,  539 

—  ,  oxidation  of,  with  chromic 

acid,  540 
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£-Gurjunene,  oxidation  of,  with  potas- 
sium permanganate,  540 
—       ,  reduction  of,  540 
Gurjunenes,  539 

Hernandia  peltata,  oil  from,  190 
Hexahydrobisabolene,  493 
Hexahydro-a-curcumene,  500 
Hexahydro-j8-curcumene,  501 
Hexahydroelemene,  569 
Hexahydrofarnesal,  557 
Hexahydrofarnesol,  557 
Hexahydrozingiberene,  495 
i?-Homocamphenilol,  235 
j?-Homocamphenilone,  235 
Homocamphoric  acid,  309 

—  acid,  bromination  of, 

309 

Homocamphoronic  acid,  313 
Homopinocamphoraldehyde,  112 
Homopinocamphoric  acid,  112 
Homoterpenylformic  acid,  101,  130 
Homoterpenylic  acid,  102,  130 
Homoterpenyl  methyl  ketone,  128 
Homothujadicarboxylic  acid,  14,  44 
l-Hydroxy-8-bromocarvomenthone,  ac- 
tion of  alkali  on,  72 
6-Hydroxycamphane-2-carboxylic  acid, 
282 

Hydroxycamphene,  255 
Hydroxy-j8-campholide,  401 
a -Hydroxy camphor,  356 
j8-Hydroxycamphor,  348,  357 

3-  Hydroxycamphor,  356 
5 -Hydroxy camphor,  357 
£rari<s-4-Hydroxycamphoric  acid,  413 
cis-  and  £raw^-77--Hydroxycamphoric 

acids,  413,  414 

4-  Hydroxycamphorolactone,  412 
Hydroxycamphors,  355 
y-Hydroxycarbohydrocamphenolactone, 

264 

Hydroxycarone,  72 

cis-  and  frcms-Hydroxydihydro-a-cam- 

pholytic  acids,  417 
Hydroxy  dihydrocarvoxime,  160 
Hydroxyepicamphor,  296,  357 
Hydroxy-a-fenchenic  acid,  444 
Hydroxy- j3-fenchenic  acid,  448 
Hydroxy  /socamphoronic  acid,  lactone 

of,  106 

cis -a- Hydroxy i'sofenchocamphoric  acid, 
481 

Hydroxymethylenecamphor,  309,  379 


Hydroxymethylenecamphor,  action  of 
phosphorus  trichloride  on,  382 

Hydroxymethylenecamphor,  bromina- 
tion of,  381 

Hydroxymethylenecamphor,  oxidation 
of,  381 

Hydroxymethylenecamphor,  reduction 
of,  381 

Hydroxymethylene-j3-dihydroumbellu- 
lone,  49 

HydroxymethyleDesantenone,  220 
Hydroxypinic  acid,  100,  128 
Hydro  xypinocamphoneoxime,  160 
Humulene,  528 

—  ,  derivatives  of,  529 

—  ,  relationship  of,  to  the  caryo- 

phyllenes,  528 
Humulus  Lupulus,  oil  from,  528 
Hyssopus  officinalis,  oil  from,  176,  192 

Iminobenzoylcamphor,  388 
/w/racampholenic  acid,  360 
a-Iodocamphor,  339 
isoBorneol,  299 

—  ,  action  of  chlorine  on,  301 

—  ,  action  of  halogen  acids  on, 

301 

—  ,  action  of  potassium  hy- 

droxide on,  301 

—  ,  action  of  zinc  on,  292 

—  -;p-nitrobenzoate,  299 

—  ,  oxidation  of,  300 

—  ,  preparation  of,  299 
isoBornylane,  1,  435 

—  ,  action  of  nitric  acid  on, 

436 

tsoBornyl  bromide,  287 

—  chloride,  279 

—  chloride,  constitution  of,  285 

—  -2-chlorocymene-5-sulphonate, 

261 

isoBornylol,  437 
woBornylone,  437 
isoCadinene,  507,  562 
isoCamphane,  1,  223 

—  ,  constitution  of,  225 

—  ,  nitration  of,  225 

—  ,  oxidation  of,  with  nitric 

acid,  225 

—  ,  oxidation  of,  with  potas- 

sium permanganate.  226 
isoCamphenilanaldehyde,  238 
isoCamphenilanic  acid,  239 
fc'soCamphenilol,  see  Santenol 
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isoCamphenilone,  see  Santenone 
isoCamphodiene,  256 
isoCampholic  acid,  366 
isoCampholytic  acid,  see  isoLauronolic 
acid 

j9-isoCamphone,  225 
jS'-isoCamphone,  225 
isoCamphoric  acid,  see  Camphoric  acid 
isoCamphoronic  acid,  constitution  and 

synthesis  of,  105,  324 
^oCaryophyllene,  see  y-Caryophyllene 
isoClovene,  526 

—  alcohol,  526 

—  hydrobromide,  526 

—  hydrochloride,  526 
«'soCostene,  587 

isoDehydrocamphoric  acid,  412 
isoDihydrocaryophyllene,  526 
isoFenchocamphoric  acid,  434,  480 

—  acid,  bromination 

of,  481 

isoFencholic  acid,  480 
isoFenchone,  479 

—  ,  action  of  carbon  dioxide 

on,  in  presence  of  sodium, 
482 

—  ,    action    of  magnesium 

methyl  iodide  on,  483 

—  ,  bromination  of,  483 
isoFenchonecarboxylic  acid,  482 
isoFenchone,  constitution  of,  479 

—  ,  fusion  of,  with  potassium 

hydroxide,  480 

—  ,  oxidation  of,  480 
isoFenchoneoxime,  482 
isoFenchone,  reduction  of,  483 
i.soFenchonesemicarbazone,  482 
t'soFenchyl  alcohol,  457 

—  alcohol,  constitution  of,  458 

—  alcohol,  dehydration  of,  447 

—  alcohol,  hydrogen  phthalate 

of,  459 

—  alcohol,  oxidation  of,  459 

—  alcohol  phenylurethane,  459 

—  chloride,  447,  460 
tsoFenchylene,  see  8-Fenchene 
isoKetocamphoric  acid,  constitution  of, 

105 

isoLaurolene,  409,  421 
isoLauronic  acid,  420 
tsoLauronolic  acid,  418 

—  acid,  constitution  of,  419 

—  acid,  oxidation  of,  420 

—  acid,  reduction  of,  420 
isoLongifaldehyde,  542 


isoLongifolic  acid,  542 
isoLongifolol,  542 
isoNitrosocamphor,  309 

—  ,  benzoyl  derivatives 

of,  392 

isoNitrosocamphors,  configurations  of, 
389 

isoNitrosoepicamphor,  430 
isoNitrosoepicamphors,  configurations 

of,  389,  393 
isoNitrosonopinone,  155 
isoNitrososantenone,  219 
isoPernitrosofenchone,  475 
tsoPinene,  446 

4-isoPropyl-A1-C7/c£ohexenone,  17 
jS-isoPropylnaphthalene,  577 
a-isoSantalene,  584 
tsoSantenie  acid,  215 
isoSantenone,  219 
t'soThujone,  32,  36 
isoThujoneoxime,  42 
tsoTricyclene,  269 
isoZingiberene,  498 

J uniperus  chinensis,  oil  from,  589 

—  phcenicea,  oil  from,  25 

—  Sabina,  oil  from,  15,  25 

—  virginiana,  oil  from,  530,  589 

Kaempferia  galanga,  oil  from,  56 
Ketor'soborneol,  300 
Ketopinic  acid,  245 

Laurenone,  423 
Laurolanic  acid,  424 
Laurolene,  408,  424 
Laurolenic  acid,  421 
y-Laurolonic    acid,    see  Camphonenic 
acid 

Lauronolic  acid,  see  Laurolenic  acid 
Ledene,  594 
Ledol,  594 

Ledum  camphor,  594 
Ledum  palustre,  oil  from,  594 
Longif-1  :  2-dione,  542 
Longifolene,  541 

—  hydrobromide,  541 

—  hydrochloride,  541 

—  hydroiodide,  541 

—  ,  oxidation  of,  with  chromic 

acid,  541 
Longifolic  acid,  541 
a-  and  j3-Longiforic  acids,  543 
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Machilol,  see  Eudesmol 
Magnesium  bornyl  chloride,  action  of 
carbon  dioxide  on,  282 

—  bornyl  chloride,   action  of 

ethyl  formate  on,  284 

—  bornyl  chloride,  action  of 

formanilide  on,  284 

0-  Menthan-3-one,  200 
2)-Menthane-l  :  2  :  6  :  8-tetrol,  120,  147 
Ax-o-Menthen-3-one,  200 
A!-p-Menthen-4  :  6-diol,  29 
A^-Menthen^  :  6  :  7-triol,  26 
Metazingiberene,  499 
Methyl-O-benzoylcamphorcarboxylate, 

374 

Methylbornylxanthate,  298 
Methyl  camphene,  478 
Methylcamphenilol,  237,  258 
a-Methylcamphor,  377 

1-  Methyl«/cZopentan-3-one  carboxylic 
acid,  466 

a-Methylenecamphor,  377 
Methyl-a-fenchene,  478 
Methyl-8-fenchene,  483 

—  -a-fenchocamphorol,  445 

—  -jS-fenchocamphorol,  449 
a-Methylfenchyl  alcohol,  477 
Methyl-a-fenchylxanthate,  457 
jS-Methylhomocamphoric  acid,  375 
^-Methyl  hydrogen  camphorate,  reduc- 
tion of,  401 

MethyKsofenchyl  alcohol,  483 
MethyHsofenchyl  xanthate,  460 
l-Methyl-3-isopropylidenec?/cZopentan-2- 
one,  409 

—  -7-isopropylnaphthalene,  see 

Eudalene 

Methyl  3-methylcamphorcarboxylate, 
374 

—  myrtenyl,  180 

—  nopinol,  87,  121,  167 

—  norcamphor,  468 
6-Methylnorcamphor,  210 
Methyl  pinocamphylxanthate,  114 

—  thujyl  xanthate,  24 
Murray  a  Koenigii,  oil  from,  15 
Myrtenal,  179, 190 
Myrtenaloxime,  190 
Myrtenalsemicarbazone,  190 
Myrtenic  acid,  192 
Myrtenol,  178 

—  ,  action  of  phosphorus  penta- 

chloride  on,  178 

—  ,  constitution  of,  179 
Myrtenol  hydrogen  phthalate,  180 
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Myrtenol,  oxidation  of,  with  chromic 

acid,  179 
Myrtenyl  bromide,  180 
Myrtus  communis,  oil  from,  178 

^eobornylamine,  358 
Nerolidol,  558 

—  ,  action  of  hydrogen  chloride 

on,  562 

—  ,  configuration  of,  561 

—  ,  conversion  into  farnesol,  560 

—  ,  dehydration  of,  562 

—  ,  oxidation  of,  with  chromic 

acid,  560 

—  phenylurethane,  561 

—  ,  synthesis  of,  560 
Ngaicamphor,  see  Borneol 
Ngaione,  599 
2-Nitrocamphane,  360 
Nitrocamphanes,  a-  and  a'-,  223 
a>-Nitrocamphene,  254 
Nitrocamphenes,  255,  256 
2-Nitrocamphenilone,  227 
a'-Nitrocamphor,  340 
2-Nitrofenchane,  433 
6-Nitrofenchane,  433 
s-Nitrofenchone,  470 
<-Nitrofenchone,  470 
Nitroi'sobornylane,  436 
Nitrcn'socamphane,  225 
Nitrolaurolactone,  424 
Nitropinene,  174 
Nitrosocarene,  63 
Nitrosopinene,  153 

methyl  ether,  154 
—        phenylurethane,  154 
Nitroterebenthene,  see  Nitropinene 
Nopinene,  see  j8-Pinene 
Nopinic  acid,  102,  163 
a-  and  j8-Nopinols,  167 
Nopinone,  102,  164 

—  ,  action  of  hydrogen  chloride 

on,  166 

—  ,  action  of  sulphuric  acid  on. 

166 

—  ,  benzylidene  derivative  of  ,  166 

—  ,  reduction  of,  166 
77-Norborneol,  213 

7r-Norborneol,    action    of  phosphorus 

pentachloride  on,  215 
7r-Norcampholenic  acid,  219 
7r-Norcamphor,  see  Santenone 
Norcedrenedicarboxylic  acid,  532 
Norcedreneketonic  acid,  532 
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7r-Nortsoborneol,  213 
Non'socampholic  acid,  368 
Norpinic  acid,  100,  128 

—  acid,  synthesis  of,  129 
Nortriq/cZoekasantalal,  548,  597 
Nortriq/cfoekasantalalsemicarbazone, 

598 

NortricycZoekasantalane,  551 
Nortriq/cZoekasantalic  acid,  547 
NortricycZoekasantalol,  548 

Oil  of  cloves,  513 
—  of  savin,  15 
Olibanol,  see  Verbenol 
Origanum  smyrnaeum,  oil  from,  589 
Oximino-a-curcumene,  500 
Oximinoverbanone,  200 
Oxystigma  Mannii,  oil  from,  513,  537 

Paradiketocamphane,  296 
Patchoulene,  595 
Patchouli  alcohol,  595 

—  camphor,  595 
Perict/cZocamphane,  346 
)3-Peric?/cZocamphanol,  346 
j3-Periq/cZocamphanone,  346 
Pernitrosocamphor,  364 
Pernitrosofenchone,  475 
Pernitrososantenone,  219 
Peruviol,  see  Nerolidol 
Peucedanum  galbanifluum,  oil  from,  564 

—       rudicaule,  oil  from,  564 
Phenylcamphenilol,  304 
^-Phenylenebisiminocamphor,  395 
Phytol,  558 
Pinane,  1,  85 

—  ,  oxidation  of,  87 
Pinene  glycol,  97,  131 

—  hydrochloride,  143 

—  oxide,  122 
a -Pinene,  88 

—  ,  action  of  aluminium  chloride 

on,  150 

—  ,  action  of  bromine  on,  141 

—  ,  action  of  chlorine  on,  139 

—  ,  action  of  hydrogen  bromide 

on,  144 

—  ,  action  of  hydrogen  chloride  on , 

142 

—  ,  action  of  hypobromous  acid 

on,  149 

—  ,  action  of  hypochlorous  acid 

on,  145 

—  ,  action  of  organic  acids  on,  139 


a-Pinene,  action  of  phosphorous  halides 
on,  149 

—  ,  action  of  picric  acid  on,  162 

—  ,  action  of  sulphur  on,  150 

—  ,  action  of  sulphuric  acid  on,  138 

—  ,  action  of  sulphuryl  chloride 

on,  149 

—  ,  action  of  thionyl  chloride  on, 

149 

—  ,  auto-oxidation  of,  119 

—  ,  condensation  of,  with  ethyl 

diazoacetate,  162 

—  ,  constitution  of,  89,  97 
dibromide,  141 

—  ,  diterpene  from,  117 

—  ,  effect  of  heat  on,  117 

—  ,  hydration  of,  138 

—  hydroxylamino-oxime,  160 

—  ,  isomerisation  of,  118 

—  nitrosoazide,  158 

—  nitrosochloride,  114,  151 

—  nitrosochloride,  action  of  hy- 

droxylamine  on,  160 
a-Pinene  nitrosochloride,  action  of  mag- 
nesium methyl  iodide  on,  160 
a-Pinene  nitrosochloride,  action  of  po- 
tassium cyanide  on,  158 

—  ,  oxidation  of,  with  benzoyl- 

hydroperoxide,  122 

—  ,  oxidation  of,  with  chromic 

acid,  124 

—  ,  oxidation  of,  with  chromyl 

chloride,  125 

—  ,  oxidation  of,  with  hydrogen 

peroxide,  123 

—  ,  oxidation  of,  with  mercuric 

acetate,  123 

—  ,  oxidation  of,  with  nitric  acid, 

125 

—  ,  oxidation  of,  with  ozone,  122 

—  ,  oxidation  of,  with  potassium 

permanganate,  97,  126 

—  ,  partial  synthesis  of,  112 

—  phosphorate,  122 

—  ,  reduction  of,  85,  118 

—  ,  sesquiterpene  from,  118 
jS-Pinene,  163 

—  ,  action  of  halogen  acids  on,  173 

—  ,  action  of  halogens  on,  172 

—  ,  action  of  hypochlorous  acid 

on,  173 

—  ,  auto-oxidation  of,  170 

—  ,  constitution  of,  165 

—  ,  conversion  of,  into  a-pinene,  169 

—  glycol,  172 
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/3-Pinene,  hydration  of,  173 

—  nitrosite,  174 

—  ,  oxidation  of,  with  benzoyl- 

hydroperoxide,  170 

—  ,  oxidation  of,  with  chromyl 

chloride,  172 

—  ,  oxidation  of,  with  hydrogen 

peroxide,  170 

—  ,  oxidation  of,  with  ozone,  170 

—  ,  oxidation  of,  with  potassium 

permanganate,  172 

—  oxide,  170 

—  ,  partial  synthesis  of,  168 

—  ,  reduction  of,  88,  170 
8-Pinene,  114 

Pinic  acid,  99,  128 
Pinocampheol,  175,  188 

—  methyl  xanthate,  distilla- 

tion of,  177 

—  phenylurethane,  177 
Pinocamphone,  176,  188, 192 

—  ,  constitution  of,  194 

—  di  bromide,  195 
Pinocamphonehydrazone,  196 
Pinocamphone,  oxidation  of,  with  chro- 
mic acid,  193 

—  ,  oxidation  of,  with  po- 

tassium permangan- 
ate, 194 

Pinocamphoneoxime,  114,  196 

—  ,  reduction  of,  196 

Pinocamphone,  partial  synthesis  of,  114, 
194 

—  ,  reduction  of,  195 
Pinocamphonesemicarbazone,  194 
Pinocamphoric  acid,  114 
Pinocamphylamine,  114,  176 
Pinocamphyldimethylamine,  114 
Pinocamphyltrimethylammonium  hy- 
droxide, 114 

Pinocarveol,  156,  176, 187 

—  ,  bromination  of,  189 

—  hydrate,  189 

—  a-naphthylurethane,  189 

—  ,  oxidation  of,  with  chromic 

acid,  187 
Pinocarveolphenylurethane,  187 
Pinocarveol,  reduction  of,  188 
Pinocarvone,  156,  203 

—  ,  compound  with  hydrogen 

sulphide,  204 

—  ,  constitution  of,  204 
Pinocarvonesemicarbazone,  205 
Pinocarvoxime,  204 
0-Pinolene,  see  S-Fenchene 


Pinolic  acid,  127 
Pinolglycolchlorohydrin,  147 
Pinonene,  see  A4-Carene 
Pinonic  acid,  99,  126 

—  acid,  oxidation  of,  103 
Pinophanic  acid,  synthesis  of,  245 
Pinoylformic  acid,  99,  130 

—       acid,  oxidation  of,  106 
Pinus  Khasya,  oil  from,  541 

—  longifolia,  oil  from,  56,  541 

—  Merkusii,  oil  from,  56,  541 
Pinylamine,  155 

Piper  Cubeba,  oil  from,  501 
Pistacia  Terebenthus,  oleo-resin  from,  89 
Pogostemon  Patchouli,  oil  from,  595 
Populus  nigra,  oil  from,  528 
Psewdocedrol,  536,  590 
Psewcfonitrocamphor,  340 

—  ,  anhydride  of,  341 

Reychler's  acid,  320 

Sabina  ketone,  17 
Sabinene,  14 

—  ,  action  of  bromine  on,  19 

—  ,  action  of  halogen  acids  on,  19 

—  ,  action  of  hydrogen  peroxide 

on,  18 

—  ,  action  of  sulphuric  acid  on,  20 

—  glycol,  15 

—  hydrate,  20 

—  monohydrochloride,  20 

—  ,  oxidation  of,  with  chromic 

acid,  19 

—  ,  oxidation  of,  with  chromyl 

chloride,  19 

—  ,  oxidation  of,  with  ozone,  18 

—  ,  oxidation  of,  with  potassium 

permanganate,  15 

—  ,  reduction  of,  5,  17 
Sabinenic  acid,  16 
Sabinenilanaldehyde,  19 
Sabinenilanic  acid,  19 
Sabinol,  25 

—  ,  action  of  chromic  acid  on,  28 

—  ,  action  of  halogen  acids  on,  28 

—  ,  action  of  hydrogen  peroxide  on, 

28 

—  ,  action  of  sulphur  dioxide  on,  29 

—  ,  action  of  sulphuric  acid  on,  29 

—  ,  constitution  of,  26 

—  hydrogen  phthalate,  27 

—  -p-nitrobenzoate,  27 

—  ,  oxidation  of,  25 
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Sabinol,  oxidation  of,  with  ozone,  28 

—  ,  reduction  of,  27 
Sage  oil,  29 

Salvene,  5 

Salvia  officinalis,  oil  from,  29 
Santalaldehyde,  583 
cc-Santalene,  547 

—  ,  constitution  of,  547 

—  ,  hydration  of,  549 

—  nitrosochloride,  547 

—  ,  oxidation  of,  with  ozone, 

547 

—  ,  reduction  of,  548 
j8-Santalene,  549 

—  ,  constitution  of,  549 

—  nitrosochloride,  547 

—  ,  oxidation  of,  with  ozone, 

549 

y-Santalene,  583 
Santalenes,  544 
Santalic  acid,  583 
a-Santalol,  581 

—  ,  action  of  phosphorus  penta- 

chloride  on,  583 

—  ,  action  of  phosphorus  pent- 

oxide  on,  584 

—  ,  constitution  of,  582 

—  hydrogen  phthalate,  581 

—  ,  oxidation  of,  with  chromic 

acid,  583 

—  ,  oxidation  of,  with  ozone,  582 

—  ,  oxidation  of,  with  potassium 

permanganate,  582 

—  ,  reduction  of,  582 
jS-Santalol,  581 

—  ,  constitution  of,  584 

—  hydrogen  phthalate,  581 

—  ,  reduction  of,  584 
Santalone,  599  \ 
Santaloneoxime,  599 
Santalonesemicarbazone,  599 
Santalum  album,  oil  from,  206,  212,  544 
Santene,  206 

—  ,  bromination  of,  211 

—  ,  constitution  of,  207 

—  glycol,  207 

—  hydrate,  209,  216 

—  hydrate,  dehydration  of,  216 

—  hydrochloride,  209,  211,  216 

—  nitrosite,  209,  212 

—  nitrosochloride,  210,  212 

—  ,  oxidation  of,  with  chromic  acid, 

211 

—  ,  oxidation  of,  with  mercuric 

acetate,  211 


Santene,  oxidation  of,  with  ozone,  206 

—  ,  oxidation  of,  with  potassium 

permanganate,  207 

—  ,  synthesis  of,  207,  210 

—  tri bromide,  211 
Santenic  acid,  215 
Santenol,  212 

—  ,  oxidation  of,  215 

—  phenylur ethane,  215 
y-Santenol,  210 

—  ,  synthesis  of,  216 
Santenone,  213, 217 

—  alcohol,  see  Santenol 

—  ,  constitution  of,  217 

—  ,  oxidation  of,  218 
Santenoneoxime,  218 
Santenonequinone,  220 
Santenone,  reduction  of,  218 
Santenonesemicarbazone,  218 
Santenylamine,  219 

Santenyl  hydrogen  diphenate,  215 
Saussurea  Lappa,  oil  from  roots  of,  527, 

587 
Selinene,  508 

—  ,  dehydrogenation  of,  510 

—  dihydrochloride,  509,  512,  576 
a-Selinene,  509 

—  ,  oxidation  of,  with  ozone,  509 
jS-Selinene,  509 

—  ,  oxidation  of,  with  ozone,  509 
8-Selinene,  512 

e- Selinene,  512 

a-  and  j3-Selinenes,  constitutions  of,  510 
Selinenol,  identity  of,  with  eudesmol,  577 
Sesquicamphenol,  595 
Sesquiterpenes,  'classification  of,  485 
Sindora  Wallichii,  oil  from,  537 
Sobreroerythritol,  147 
Sobrerol,  120 

—  dichloride,  145 
Squalene,  synthesis  of,  558 
Sulphocamphylic  acid,  414 

Tanacetane,  see  Thujane 
Tanacetone,  see  Thujone 
a-Tanacetonedicarboxylic  acid,  see  a- 

Thujadicarboxylic  acid 
Tanacetophorone,  35 
Tanacetum  vulgare,  oil  from,  29 
Tansy  oil,  29 

Tautomeric  relationship  of  bornyl  chlo- 
ride, wobornyl  chloride  and  camphene 
hydrochloride,  285 

Teresantalal,  546 
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Teresantalane,  546 
Teresantalic  acid,  277,  545 

—  acid,  action  of  formic  acid 

on,  213 

—  acid,  action   of  hydrogen 

chloride  on,  547 

—  acid,  constitution  of,  546 
Teresantalol,  546 

Termentin,  89 

1:2:3:  4-Tetrabromo-p-menthane,  18 
Tetrahydrobisabolene,  493 

—  ,  oxidation  of,  with 

ozone,  493 

Tetrahydrocadinene,  506 
Tetrahydrocalamene,  513 
Tetrahydrocaryophyllene,  520 
Tetrahydrocostus  lactone,  587 
Tetrahydrodoremone,  599 
Tetrahydroelemene,  569 

—  ,  oxidation  of,  with 

ozone,  571 

Tetrahydroelemol,  569 
Tetrahydroeucarveol,  81 
Tetrahydroeucarvone,  77,  81 

—  ,  nitroso  derivative 

of,  81 

Tetrahy droeucar vonesemicarbazone,  8 1 
Tetrahydroeucarvoxime,  82 
Tetrahydroeucarvylamine,  82 
Tetrahydroeudesmene,  580 
Tetrahydroguaiene,  593 
Tetrahydro-a-santalane,  582 
Tetrahydro-jS-santalane,  584 
Tetrahydrosantalene,  549 
Tetrahydro-j3-santalol,  584 
Tetrahydroumbellulol,  51 
Tetrahydroumbellulone,  51 
Tetrahydroisozingiberene,  498 
1:1:2:  5-Tetramethyl-A4-C2/cfopenten- 

3-one,  324 
a-Thujadicarboxylic  acid,  10,  17,  30,  33 
Thujaketone,  34 
a-Thujaketonic  acid,  10,  30 

—         acid,  constitution  of,  33 
j3-Thujaketonic  acid,  30,  34 
a-Thujamenthol,  37 
0-Thujamenthol,  38 
a-Thujamenthone,  37 
0-Thujamenthone,  37 
Thujane,  1,  5 

—  ,  action  of  bromine  on,  7 

—  ,  action  of  hydrogen  bromide  on,8 

—  ,  conversion  of,  into  1  : 2-di- 

met  hyl  -  3  -  isopropy  ley  cloven  - 
tane,  6 


Thuja  occidentalis,  oil  from,  29,  460 
Thuja  oil,  29 
a-Thujene,  9 

—  ,  action  of  halogen  acids  on,  12 

—  ,  action  of  sulphuric  acid  on,  1 2 

—  ,  oxidation  of,  10 

—  ,  reduction  of,  5,  11 
0-Thujene,  13 

—  ,  oxidation  of,  14 

—  ,  reduction  of,  5,  14 
Thujone,  29 

—  ,  benzylidene  derivative  of,  43 

—  ,  bromination  of,  40 

—  ,  constitution  of,  32 

—  ,  enolic  form  of,  39 
Thujonehydrazone,  43 

Thujone,  hydroxymethylene  derivative 
of,  43 

—  ,  oxidation  of,  40 

—  oximes,  41 

—  ,  reduction  of,  40 
a-Thujone,  relation  to  /J-thujone,  39 
Thujonesemicarbazone,  43 
Thujyl  alcohol,  21 

—  alcohol,  action  of  halogen  acids 

on,  24 

—  alcohol,  action   of  phosphorus 

pentachloride  on,  24 

—  alcohol,  stereoisomers  forms  of,  22 
Thujylamine,  41 

Thujyl  chloride,  24 

—  hydrogen  phthalate,  22 
aa'0-Tribromocamphor,  337,  339 
aa'7r-Tribromocamphor,  339 
Tribromofenchane,  472 
Tricyclal,  276 

Tricyclene,  264,  273 

—  ,  action  of  halogens  on,  278 

—  ,  action  of  hydrogen  chloride 

on,  278 

—  ,  constitution  of,  273 

—  ,  preparation  of,  273 

—  ,  reduction  of,  277 
Tricyclenic  acid,  242,  274 
Triq/cZobetulol,  586 
TricycZoekasantalal,  547,  582 
Triq/cZoekasantalic  acid,  582 
Tricyclol,  275 

1:1:  2-Trimethyl-A2-ci/cZopentene-5- 

carboxylic  acid,  416 
Turmentin,  89 

Umbellularia  Calif ornica,  oil  from.  4"> 
Umbel  lularic  acid,  46 
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Umbellulone,  45 

—  ,  bromination  of,  50 

—  ,  constitution  of,  46 

—  hydroxylamino-oxime,  52 

—  ,  reduction  of,  49 
Umbellulonesemicarbazone,  52 
Umbellulonic  acid,  46 
Uncineol,  see  Eudesmol 

Verbanol,  183,  200 

—  methyl  xanthate,  distillation 

of,  183 
Verbanone,  199 
Verbanonehydrazone,  200 
Verbanoneoxime,  200 
Verbanonesemicarbazone,  199 
Verbanylamine,  202 
Verbena  triphylla,  oil  from,  197 
Verbenene,  184 
Verbenol,  121,  181 

—  ,  dehydration  of,  184 

—  ,  oxidation  of,  with  chromic 

acid,  182 

—  ,  oxidation  of,  with  potassium 

permanganate,  182 

—  ,  reduction  of,  183 
Verbenone,  121,  197 

—  ,  constitution  of,  198 

—  ,  hydration  of,  200 

—  hydroxylamino-oxime,  202 

—  ,  oxidation  of,  with  hydrogen 

peroxide,  200 

—  ,  oxidation  of,  with  ozone,  200 


Verbenone,  oxidation  of,  with  potassium 

permanganate,  198 
Verbenoneoxime,  reduction  of,  200 
Verbenone,  reduction  of,  199 
Verbenonesemicarbazone,  199 
Vestrylamine  hydrochloride,  72 
Vetivaria  zizanioides,  oil  from,  552 
Vetivene,  552 
Vetivenic  acid,  552 
Vetivenols,  552 

Wagner-Meerwein  rearrangement,  me- 
chanism of,  132 
Wormwood  oil,  21,  29 


Zjanthoxylum  Budrunga,  oil  from,  15 
Zingiberene,  494 

—  ,  condensation  of,  with  iso- 

prene,  499 

—  ,  constitution  of,  495 

—  ,  dehydrogenation  of,  499 

—  dihydrobromide,  498 

—  dihydrochloride,  494,  498 

—  nitrosate,  498 

—  nitrosite,  498 

—  nitrosochloride,  498 

—  ,  oxidation  of,  with  ozone, 

495 

—  ,  reduction  of,  494 
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